“ere 


AR SOR AGRICULTURE = 


Monthly Weather Review, February 1934 


i 
¥ 
ow 


Crissy Figi 


California, showing relief features, path of the marine air inland, and hourly positions of the advancing front. 
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MARKED SUMMER AIR-MASS DISPLACEMENTS IN CALIFORNIA AND THEIR EFFECTS 
ON WEATHER 


By Atsert W. Coox 
(Weather Bureau office, San Francisco, Calif., December 1933] 


Because of California’s shape and size, the modifying 
effect of topography on its weather presents many inter- 
esting and seemingly anomalous phenomena. Not the 
least of these is a sea breeze that penetrates more than 
100 miles from the sea. The sea and land breezes alo 
most of the California coast in the spring, summer, an 
fall, are not sea and land breezes in the ususal interpre- 
tation of the term, namely, a landward flow of air in the 
daytime and a seaward flow during the night, respec- 
tively. The usual occurrence in the San Francisco Bay 
region is a flow of air from the land of several days’ dura- 
tion and then a reversal of movement with air from the 
ocean flowing onto the land. The latter is much better 
defined and always of longer duration. 

California has mountain ranges extending north and 
south along its east and west sides. These together with 
the east-west connecting chains at the northern and near 
the southern end enclose | interior valleys, the 
Sacramento and San Joaquin. ere is little level land 
between the Coast Range and the Pacific Ocean, but 
several small valleys are found in the Coast Range. 
The Santa Clara Vailey is really an extension of San 
Francisco Bay. To the southward is the San Benito 
Valley. Nearly parallel to these, but somewhat to the 
westward, is the Salinas Valley which is open to the 
Pacific through Montere ‘6 Several small valleys 
extend northward from San ablo Bay, the Napa and 
Petaluma Valleys among them. These features are all 
indicated on the accompanying map (frontispiece). 

The normal summer condition is for marine air to be 
the dominant factor in the littoral sections with dry, hot 
air over the interior valleys. As long as this condition 
prevails day to day weather changes are inconsequential. 

Topography is such that lower layers of air from the 
ocean have no means of ingress into the central portion of 
the interior valley except through the Golen Gate and 
over the lower coastal hills to the northward and south- 
ward of the Gate, thence through San Pablo and Suisun 
Bays. The prevailing wind of summer in the bay region 
is from the west; and the movement is so steady that it is 
locally referred to as the ‘“‘summer trade wind.” 

On occasion in the late spring, summer, and early fall 
the general pressure distribution is such that the air 
movement is from the Plateau region (the land breeze 
of our discussion) and of such force as to divert or ob- 
struct the wind from the ocean. The flow of this air from 
the Plateau over the Sierra Nevada and Siskiyou Moun- 
tains is essentially a chinook wind, hot and desiccating. 
The highest temperatures in the coastal regions occur 
while these conditions obtain. Upon the cessation of the 
air flow from the Plateau, the ‘‘summer trade winds’ (the 


51292—34——1 


sea breeze in this discourse) set in again; and the marine 
air from the Pacific flows into the Sacramento and San 
Joaquin Valleys as well as into many of the smaller coastal 
valleys. 

The marine air masses of the Pacific can be divided into 
two classes. The one most common in the summer is 
never deep and has its origin on the east side of the sub- 


siding Pacific high. The water vapor of this class is 
acquired thro evaporation from the ocean water 
surface. Turbulence tends towards homogenous water 


vapor distribution in the shallow layer as the air moves 
inland. At times this air penetrates to the extremities 
of the valleys. At other times the penetration is confined 
to the delta region of the San Joaquin and Sacramento 
Rivers. The other class of marine air is of cyclonic origin, 
of varying depth, and not homogenous. Its depth often 
ex that of the coastal range and at times is greater 
than the altitude of the Sierra Nevada. In the discus- 
sion which follows, the first invasion of marine air was of 
the first class. It was followed shortly by air associated 
with cyclonic activity. 

The sequence of changes from the landward to the sea- 
ward wind or vice versa can best be shown by taking a 
typical example; and of the many cases studied that of 

t 12 to 16, 1933, seems best suited. 

he 8 a.m. weather map of August 12 shows a Pacific 
HIGH in its normal southwest to northeast position with a 
rather weak extension into Washington, Oregon, and the 
northern Plateau region; the whole in the form of a large 
inverted “L”. Between the legs of the L is the usual 
summer Low in the southwest with a trough extending 
north-northwestward over California. By the 13th the 
trough has worked its way northward from the south- 
west thermal Low to the California-Oregon State line. 
On this date the weather situation in California can best 
be described as stagnant. There is no well-defined air 
movement, either at the surface or aloft. Sacramento 
reported the highest August temperature of record. 
Grizzly Peak Lookout located in the Berkeley Hills, 3 
miles from the bay shore, at an elevation of 1,760 feet 
(a.m.s.l.) reported a maximum of 104° F. The maxi- 
mum. temperature at the cooperative station on the 
University of California campus, Berkeley (299 feet above 
sea level and about 1 mile due west of Grizzly Peak), 
was 74° F. At San Francisco the maximum temperature 
was 71° F., and at the Oakland Airport on the east side of 

the bay 82° F. was the highest for the day. 
ile temperature is not an index of composition of air, 
such large differences in such short distances invite an 
analysis of the air masses here involved. Since the water 
vapor is the only constituent of the atmosphere that is 


ia 
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subject to appreciable change it at once becomes the only 
reliable index of composition.» Examining the-humidity 
records from the airport.stations in the interior valley, we 


find that on August 13 the lowest dew point recorded at 


the four hourly periods varies from 35° F. at Redding in 


the northern end of the Sacramento Valley to 46°F: at 


Bakersfield in the extreme southern end of the San Joa- 
quin Valley. Grizzly Peak recorded a dew point of 33° F. 
at 8 a.m. and by 5 p.m. it had dropped to 32° F. on 
August 13; and the lowest dew points in the bay region 
were 51° F. at Oakland and < well, “soe and 50° F. at 
San Francisco airport. 
However, dew point is a measure of the absolute humid- 
ity, but takes no account of the differences of density of 
the air, which may be considerable. The specific humid- 
ity, which is defined as the ratio of the mass of water vapor 
to the total mass of moist but unsaturated air, per unit 
volume, takes into account the density differences of the 
various air masses. The specific humidity was computed 
for a number of stations. Data from the regular city 
offices of the Weather Bureau at Red Bluff, Sacramento, 
San Francisco, and Fresno were used. In all other cases 
the data are those secured from airport stations. The 
specific humidities computed are set forth in table 1. 


TABLE 1.—Minimum specific humidity values - 


Time of P 
‘arts per 
Station occurrence 
and date thousand 
Bay region stations: 
San Framdiseo Girport..- 5 a.m. 14 7.02 
Santa Clara Valley: 
Sunnyvale Naval Air Station. 8 a.m. 13 9. 40 
Eastward across the valley: 
Northward in the valley: 
Southward in the valley: 
la.m. 13 5. 63 


Bakersfield appears to be discordant, but in all prob- 
ability the dry air had not penetrated to the southern 
extremity of San Joaquin Valley before there was a change 
in air mass movement. Sandberg shows a low specific 
humidity, but it is situated on the north slope of the 
Tehachapi Mountains at an altitude above 4,000 feet. 

A most cursory examination of the table shows. that 
the specific humidity is highest in the Bay Region and 
adjoining Santa Clara Valley, that it diminishes as we 
progress eastward into the interior valley with a further 
decrease as the Sierra are crossed. A regular decrease 
is noted northward and southward in the Sacramento 
and San Joaquin Valleys. 

Insufficient data are available to compute the specific 

humidity for Grizzly Peak, but the specific humidity at 
Mount Hamilton (4,200 feet) was found to be lower than 
that at any other station. 
_ The high specific humidity and the low temperature 
in the Bay Region, the high temperature on Grizzly 
Peak and the low specific humidity on Mount Hamilton, 
give ample evidence that two separate air masses are 
involved and a digression to deal with this situation seems 
apropos. 

Four observations are taken daily on Grizzly Peak. 
At 8 a.m. of the 13th the temperature was 88° F., it was 
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calm, clear, and the dew point was 33° F. By noon the 


_ wind was north 2.miles per hour and the temperature 


had,risen to 100° F., By 3 p.m. it was 102° F., and the 
wind had gone into the west 3 miles per hour. The 
temperature rose until shortly after 3 p.m., when a max- 
imum of 104° F. was reached. By the time of the 5 p.m. 
observation the temperature had dropped to 94° F. 
the dew point was 32° F., and the wind was still from the 


west at 5 miles per hour. No pressure readings were 


taken and the specific humidity cannot be computed, 
but. the dew point and, temperature data show indubi- 
tably that the air can be placed in the category of an air 
mass whose chief characteristic is its zoam. The 
depth of this mass of air is not known, but as will be 
shown later, it extended from a few hundred feet above 
the surface to an altitude greater than that of Mount 
Hamilton, 4,200 feet. 

During the same interval of time the weather near the 
surface of the bey ae indicated by records from Oakland 
Airport, the San Francisco office, and San Francisco Air- 

ort, was of a decidedly different nature. At 8 a.m., at 

akland a heavy stratus overcast was showing an occas- 
sional break and the ceiling had increased to 800 feet from 
400 feet recorded 1 hour before. The temperature was 
56° F. and the wind had just gone into the west from the 
north and northeast. By 9 a.m., the stratus cloudiness 
covered about four tenths of the sky and by 9:25 a.m., 
not a trace was to be seen. All day long the wind was 
between west-southwest and west-northwest with a speed 
of about 8 miles per hour. The dew point was 53° F. 
at 8 a.m., and rose to 58° F. at noon, but decreased to 
54° F. by 3 p.m. The maximum temperature of 82° F. 
occurred at 3 p.m. Data obtained from the meteorograph 
at San Francisco and the three daily observations agree 
closely with that from Oakland except that the tempera- 
tures were somewhat lower and the wind was stronger at 
San Francisco. San Francisco Airport data were in 
agreement with San Francisco and Oakland. 

The conditions above discussed are shown graphically 
in figure 1, which is a copy of the Grizzly Peak hygro- 
thermograph trace from jemon 12-16, 1933. It will be 
seen that the humidity remained low throughout the 12th 
and 13th and the diurnal fluctuation was slight. The 
temperature mounted higher each day until the maximum 
of 104° F. was reached on the 13th. The range in tem- 
perature was small. On the 11th, 12th, and 13th, the 
minima were higher than the maxima for the same dates 
at Berkeley and San Francisco. 

For purposes of comparison table 2, showing the maxi- 
mum and minimum temperatures, and the 5 a.m., noon, 
and 5 p.m., relative humidities, for San Francisco and 
Grizzly Peak Lookout, follows: 


TABLE 2 

San Francisco Grizzly Peak Lookout 
Relative humidity | Temperature; Relative humidity | Temperature 
5a.m.| Noon | 5 p.m. 5a.m.| Noon | 5 p.m. 
Aug. 11___-- 96 58 59 68 51 31 30 21 98 75 

Aug. 12... 96 75 76 63 51 18 16 27 92 
Aug. 13____- 100 60 71 71 50 20 24 18 104 74 
Aug. 14..-_- 81 77 83 63 53 20 62 72 66 
Aug. 15: ...- 96 78 74 54 99 76 94 70 51 


The elevation of the instruments at San Francisco is 
238 feet (a.m.s.l.), and 11 miles east, air line, are located 
= ae at Grizzly Peak Lookout, 1,760 feet 

a.m.s.l.). 


] 


| | 


Fresruary 1934 


Humidity conditions on Mount Hamilton are graphi- 
cally depicted by figure 2, a copy of the mos 
from there. It shows the same characteristics as the 
Grizzly Peak trace. The humidity was very low during 
the first days shown with little diurnal change. 

The data given above indicate clearly that the lower 
air moving over San Francisco and the Bay Region is of a 
decidedly different composition from that at Grizzly Peak 
and Mount Hamilton. The temperature, dewpoint, and 
direction of the wind permit no mistake in determining 
the source of this air mass. It is marine air moving from 
the ocean through the Golden Gate and northeastward into 
the valley in response to a pressure gradient between the 
ocean and the interior due to the high temperature in the 
enclosed valleys. No definite data are available, but in 
all probability the marine air was invading smaller coastal 
valleys ra s,m Santa Clara, Salinas, and Petaluma. 

How deep was this layer? No definite measurement 
was obtained, but an approximation was made as follows: 
The writer drove up to Grizzly Peak over a rather cir- 
cuitous road with easy grades and arrived at the top 
about the time of the maximum temperature. The 
descent was over a much steeper road, but the change from 
the cool marine air to the hot dry air and vice versa was 
most pronounced. There was no gradual transition, but 
an abrupt change from one layer to the other. This sur- 
face of discontinuity was estimated to be 600 feet above 
the sea by comparison with certain landmarks on the 
ascent and descent. Determination of the eastern 
boundary was not easy or certain. The air made its way 
northeast across the bay and into the valley, where it was 
mixed with the drier air and its identity was lost. The 
marine air advanced as a wedge, presumably, and the 
thin, forward part soon reached a place in the valley 
where the warming through insolation was just offset by 
the change brought about by the importation of cold air. 
From that point eastward there would be no lowering of 
the temperature as the marine air moved inland. How- 
ever, there was a noticeable difference in the specific 
humidity of stations lying directly across the valley and 
in line with the opening through which the air passed and 
those on either side. The specific humidity at Sacra- 
mento and Auburn was somewhat lower than at Oakland 
and San Francisco, but somewhat higher than at Atwater 
and Williams, the next stations to the south and north, 
respectively. 

he above discussion of surface weather of the San 
Francisco Bay area and contiguous territory and at the 
elevated stations, Grizzly Peak and Mount Hamilton, 
together with the data depicted in figures 1 and 2, indi- 
cates that there is a marked inversion in temperature 
with ascent. Confirmation of this statement was sought 
in aerographic data from Sunnyvale Naval Air Station. 
No flight was made on Sunday, August 13, but tempera- 
ture and dewpoint data are available from a flight that 
started at 9 a.m. on the 14th. It is reproduced as part 1 
of figure 3. There is a marked temperature inversion 
beginning at 1,200 feet. The separation of the dewpoint 
and temperature curves with increase in altitude also 
indicates that the higher layers of air were dry. The 
temperature inversion was most marked on this date. 

Summarizing, it may be said that two totally different 
air masses are involved. One is A and warm and has 
overspread California north of the Tehachapi Mountains. 


This warm air is being underrun by a thin layer of cold, 
moist air that makes its way inland through the Golden 
Gate and then northeastward where it is mixed with the 
drier air and warmed through insolation, and its identity 
lost. A slight increase in the specific humidity is noted at 


. Marine air, and sometime during the nig 
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a few of the inland stations. In the Bay region the surface 
of discontinuity is pronounced. 

Despite the influx of the shallow layer of marine air 
the maximum around San Francisco Bay 
and in the Santa Clara Valley were higher than those of 
the preceding day. The rise was 8° F. at San Francisco, 
10° F. at Oakland and Berkeley, 11° F. at San Pablo, 
9° F. at San Jose and Sunnyvale Naval Air Station. In 
the coastal valleys and the large interior valley the 
changes were inconsequential, amounting to only a degree 
or two and positive for the most part. 

_The characteristic stratus cloudiness of the Bay region 
did not form on this night. Why not? 

First of all let us consider the physical processes 
involved in the formation of these clouds. In his paper 
“The Summer Nighttime Clouds of the Santa Clara 
Valley of California”, E. H. Bowie states the theory of 
formation of these stratus clouds. The following is 
quoted from his paper: 


The actual origin of these clouds appears to be the excess of 
emitted over absorbed radiation. It is known that air rich in 
water vapor is selectively highly absorptive of terrestrial or long- 
wave-length radiation; and being a good absorber it also is a good 
radiator in the same spectral region, in fact as good, nearly, as a 
black body. Conversely, dry, clear air is diathermsnous to terres- 
trial or long-wave-length radiation and therefore in that region a 
nonradiator, and its Se eee subject to change only by work 
done by it or upon it. ence at night the stratum of marine air 
rich in water vapor cools radiationally while the stratum of dry 
air above it remains at a constant temperature or, at most, loses 
its heat very slowly. The truth of this statement is proven by 
the marked cooling of the earth’s surface at night, when the over- 
lying air is still, while the air itself is cooling but little, except near 

e ground, and there by contact with the cold surface. 

From the a sn the conclusion is reached that the forma- 
tion of stratus clouds over the Santa Clara Valley during the 
summer is to be regarded as a radiative phenomenon, occurring 
when the valley is flooded by air of marine origin, rich in water 
vapor, and when it in turn is overlain by air of quite low humidity. 
When this situation exists the excess of outgoing over incoming 
radiation is at its maximum at the — surface of the bay of 

t the cooling thus caused 
reaches the dew point, condensation starts and cloud forms. It 
does not necessarily follow that the dew point is reached first at 
the upper surface of the humid air; it may be at some intermediate 
altitude between this surface and the bottom. When the dew 
point is reached at the upper surface first, the growth of the cloud 
is downward; whereas when it is reached first at an intermediate 
altitude the growth of the cloud is both upward and downward. 
Ultimately the cooling throughout the marine air, from a maximum 
at its upper surface downward to a minimum at its bottom, may 
result in the lapse rate exceeding the adiabatic, when there will 
follow convection and turbulence that would cause a pilot passing 
through or under the cloud to experience bumpiness. This con- 
vective turbulence increases the rapidity of cloud formation. The 
descending currents, the counterparts of the ascending currents in 
the convective process, are not heated at the adiabatic rate for 
dry air, for in them there is a loss of heat by evaporation, the equiva- 
lent of that gained by condensation in the ascending currents. As 
the cooling proceeds the thickness of the cloud increases and at 
bers the entire mass of marine air is filled with cloud from top to 

ttom. 


The layer of marine air was very thin. As stated be- 
fore, the writer estimated the depth to be 600 feet after 
driving up through it to the Sen, Peak Lookout. 
However, Gray. Peak is not an isolated peak but a 
promontory of the Berkeley Hills, which are nearly of 
uniform height and extend north and south along the 
east side of the bay. Because of the extreme difference in 
temperature between the top of the ridge, as shown by 
Grizzly Peak temperatures, and the base, as indicated by 
the temperature at Berkeley, and because of the westerly 
winds across the bay, the marine air may have been higher 
up on the slope than in the free air to the westward. 

owever, it extended over 200 feet in depth, because the 
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thermometer at the San Francisco office is 208 feet above 
the ground and was within the layer of marine air. In an 
event the layer was shallow and overlain by a layer of air 
with a much higher temperature and lower humidity. 
One of the conditions necessary for cloud formation is 
that the air must cool radiationally to the dew point tem- 
perature from the maximum temperature of the day, 
providing there is no air mass importation. If there is an 
invasion of marine air early in the day the temperature 
will drop perceptibly, as much as 10° to 15° in a few 
-hours. In such a case the temperature, when cooling 
begins, or temperature when the incoming and outgoing 
radiation are equal, will be at some time Tate in the day. 
This temperature will be lower than the maximum tem- 
perature which most often occurs just prior to the arrival 
of the marine air. However, on this date the starting 
point (the maximum temperature) was high enough so 
that the cooling during the night was not sufficient to 
reduce the temperature to the dew point. Moreover, the 
cooling of such a thin layer would be more or less uniform 
throughout because of wind and turbulence and not 
greatest at the top of the layer. 

Another factor that precludes the formation of stratus 
clouds on the first night after the air from the ocean begins 
its invasion is the moisture content of the incoming air. 
During the regime of the “land breeze”’ the easterly winds 
may become pronounced and considerable continental air 
may be carried out to sea. A reversal of the wind serves 
to return this air. The first air to invade the land is a 
transitional air mass, a mixture of marine and continental 
air whose moisture content is lower than that of the marine 
air which follows it inland. This air is too dry to permit 
the formation of stratus clouds. 

The hygro-thermograph trace for Grizzly Peak Look- 
out, figure 1, shows an abrupt fall in temperature coinci- 
dent with a rise in the relative humidity at 7 a.m. of the 
14th. Grizzly Peak is located due east of the Golden 
Gate and across San Francisco Bay. The first invasion 
of the marine air in all probability advanced as a narrow 
“spear head’? with little lateral spreading and was in 
evidence only in the region directly east of the Golden 
Gate. On this date at San Francisco the temperature 
was higher, hour for hour, when compared with the day 
before, until 10 a.m., when the wind increased in speed to 
12 miles per hour from 4 miles per hour and the sea breeze 
began its extension into the interior. At this time the 
temperature rise ceased for the day. By noon this 
marine air had reached Oakland and the wind shifted 
from north to northwest and the speed increased to 18 
miles perhour. This wind continued throughout the dey, 
and it will be noted that the speed was more than double 
that of the day before. The airways station at San Pablo 
noted the arrival of the cold air at ll a.m. At Livermore 
the wind shifted from southwest to west-northwest then 
into the west at 22 miles per hour shortly before 2 p.m., 
when the cold air arrived. It continued eastward through 
Altamont Pass and reached Tracy about 3 p.m., when the 
wind change was from light northwest to fresh westerly. 
Winds in the San Joaquin Valley were northwesterly all 
day but increased considerably in speed as the marine air 
arrived. The time of arrival at Los Banos was 5 p.m., 
and at Atwater 8 p.m. of the 14th. It did not reach 
Fresno until 10 a.m. of the 15th. 

In the Sacramento Valley we find the same regular 
perereone- The wind at Sacramento had been very 
ight northerly with frequent calms. Upon the arrival of 
the “‘sea breeze” at 4 p.m., the wind went into the south- 
west at 18 miles per hour. Moving in a wide arc the 
marine air reached Auburn at 8 p.m., when the wind 
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shifted from west-southwest to south-southeast and 
increased in speed. As in the San Joaquin Valley, prog- 
ress during the night was slow because of the reduced 
gradient occasioned by nocturnal cooling; but by 5 a.m. 
of the next morning the sea breeze had reached Williams, 
at 6 a.m. it passed Corning, and at 7 a.m. it passed Red 
Bluff, and arrived at Redding about 8a.m. As at Auburn 
the wind was from the southeast when the air of marine 
origin arrived, seeming to indicate that the air moved as 
a distinct current in an east-northeasterly direction until 
diverted by the mountains, then flowed north-north- 
westward. 

On the frontispiece the arrows show only the two main 
paths of the marine air. No attempt was made to deter- 
mine the course followed by the air in entering the smaller 
valleys. There may have been some diversions from the 
main paths within the interior valley. The path of the 
marine air is also indicated in figure 4 by the hourl 
positions of the advancing front. Because of the small 
scale of the map it was not possible to show the positions 
of the front between the Golden Gate and Grizzly Peak 
Lookout in the early morning. The first position shown 
is at 10 a.m., the time the marine air invasion became 
pronounced. By the time the front had reached Fresno 
the depth of the air off the coast had increased to a height 
greater than that of the low coastal mountains northwest 
of Bakersfiled, a ocean air to enter the upper 
San Joaquin Valley. With the marine air entering from 
this region and also flowing up the valley, it was difficult 
to locate the front. Hence no fronts are drawn south of 
Fresno. 

Later in the day as the valley became filled with the 
marine air, the winds in the upper part of the Sacramento 
Valley gradually shifted into the south and finally into the 
southwest. 

The path and rate of advance of the marine air in the 
interior valley were determined from hourly values of 
temperature, pressure, and wind from airways stations 
for the most part. Temperature records from cooperative 
stations and the daily meteorological records from San 
Francisco and Red Bluff were used. Cooperative 
station records only were available in the coastal valleys. 

At this point it seems appropriate to again refer to 
figures 1 and 2, this time to the second part. The tem- 
perature trace for Grizzly Peak shows that the tempera- 
ture began a marked and steady decrease upon the arrival 
of the marine air on the 14th. Coincident with this 
temperature drop was an equally rapid rise in the relative 
humidity. During the following 24 hours there were 
only minor fluctuations in the humidity trace. 

An examination of the hygrograph trace for Mount 
Hamilton shows that the marine air did not arrive there 
until late on the 14th. The rise in humidity was rapid, 
but the saturation point was not reached during the 
period shown. 

An interesting point to consider is the rate at which the 
marine air increased in depth. It was noted at Grizzly 
Peak Lookout (1,760 feet, a.m.s.l.) at 7 a.m., and the 
time of its arrival at Mount Hamilton (4,200 feet a.m.s.1.) 
was determined as 6 p.m. This is an increase in vertical 
depth of 2,440 feet in 11 hours, or at the rate of 222 feet 
per hour. 

The aerographic flights from Sunnyvale for August 15 
and 16 are shown as parts 2 and 3 of figure 3. Com- 
paring them with part 1, it can be seen that the tempera- 
ture inversion is much less pronounced, that the dew-point 
curve is roughly parallel to the temperature curve, and 
that the dewpoint is higher at the top level by 18° F., 
on the 16th than on the 14th. 
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Figure 2.—Hygrograph trace from Mount Hamilton (4,200 feet), August 12-17, a: Observations taken at 5:45 a.m. and 4:45 p.m. Figures indicate difference between 
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The facts enumerated above show unmistakably that 
the marine air has reached a height of 10,000 feet, the 
top level of the flights, and has entirely displaced the dry 
air from the surface to that height. 

The change in the maximum temperature from the 
= to 14th and from the 14th to 15th is shown in 
table 3. 


TABLE 3.—Mazimum temperatures and changes 


Aug. Aug. 
Station | Aug. | 14-15 
San Francisco Bay region: °F. °F, 
71 63 -8 66 3 
75 69 69 0 
81 76 —5 71 -5 
Grizzly Peak Lookout-..................- 104 76 —B 70 —6 
74 64 —10 64 0 
Oakland Municipal Airport_............ 82 70 —12 69 -1 
San Francisco Airport................--- 72 73 1 76 3 
Santa Clara Valley: 
100 90 -—10 91 1 
Sunnyvale Naval Air Station. 86 83 76 
98 100 2 84 —16 
Sacramento Valley: 
lll lll 0 95 —16 
lll 109 96 —15 
113 116 3 101 —15 
115 118 3 101 -17 
114 117 3 98 -19 
SEE et 112 115 3 99 —16 
110 115 5 106 -9 
114 117 3 100 -17 
ill 114 3 101 —13 
San Joaquin Valley: 
103 103 0 88 —15 
18 101 -7 89 —12 
Los Banos Airways station._........._.. 108 110 2 92 —18 
108 106 2 90 —16 
105 103 —2 90 -13 
110 108 —2 98 —10 
112 112 0 98 —14 
115 115 0 98 -17 
114 117 3 104 —13 
116 117 3 103 
Livermore Valley: 
110 99 90 -9 
107 95 -—12 87 -8 
Salinas Valley: 
78 72 —6 79 7 
72 74 2 65 -9 
San Benito Valley: 
97 82 —15 86 4 
North coastal valleys: 

97 10 85 —12 
109 98 101 3 

Foothill and lower mountain stations: 

107 110 3 95 —15 
97 99 2 86 —13 
Blue Canyon Airport................... 93 94 1 81 —13 

East slope Sierra: 
87 87 0 88 1 
103 102 -1 102 0 


Several features in the changes in temperature shown 
in the foregoing table deserve attention. The changes in 
the Bay Region are all small, except at Grizzly Peak. 
Crissy Field, the Army air field, is situated on the south 
side of the Golden Gate and was within the current of 
marine air on both days. San Francisco Airport is 
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similarly situated. It is located on the west side of the 
bay and separated from the ocean by a narrow peninsula 
with low hills. There is a gap between the hills that 
averages less than 100 feet in height and does not rise 
more than 200 feet at the highest point. This offers easy 
access to oceanic air. The largest temperature change 
occurred at the Oakland Airport which is located on the 
east side of the bay and 10 miles east-southeast of the 
Golden Gate. In this location the influence of the 
marine air would be at a minimum on the 13th. 

In the Santa Clara Valley the change to lower tem- 
perature took place on 2 days. This leads to the deduc- 
tion that the air of marine origin did not come directly 
over the hills to the west of the valley, but followed a 
rather circuitous path, probably, through the Golden 
Gate and the gap to the south, over the lower coastal 
hills south of the Gate, and then southward over San 
Francisco Bay. Further evidence of such a course is 
indicated by the wind at Sunnyvale which was north or 
north-northwest throughout the 13th, 14th, and 15th. 


The mass of marine air entered the Sacramento Valley 
on the afternoon of the 14th, but after the maximum 
temperature had occurred; hence the large maximum 
temperature changes were not recorded until the 15th. 
However, there were a few negative changes in the 
region near the confluence of the two rivers. 


It was soon after noon when the cold air reached the 
Livermore Valley, and large changes are noted there on 
both days. The rapidity with which the marine air 
reached Livermore leads to the conjecture that it may 
be through this valley that most of the air entering the 
San Joaquin Valley passes, rather than northeastward 
from the Golden Gate through San Pablo and Suisun 
bays and then southeast into the valley. Supporting 
evidence is supplied by the fact that the stratus cloudi- 
ness so typical of the Bay Region and coastal sections 
often penetrates far enough eastward to cover the Liver- 
more Valley. The direction of the wind is a deciding 
factor, and Tracy wind reports are predominantly 
westerly. 

Temperatures did not change materially on the east 
slope of the Sierra Nevada. The reason is twofold. The 
air from the plateau was forced to rise in passing over 
the Sierra Nevada, and the dynamic heating so pro- 
nounced on the west slope and in the interior valley of 
California was absent on the east slope. There the 
winds were ascending and the maximum temperatures 
on the 13th and 14th were about the same as they were 
in the valley on the 15th, after the marine air had en- 
tered. Moreover, as the wind reversed and the marine 
air crossed the Sierra there was dynamic heating as it 
descended the east slope. This warming offsets any 
lowering of the temperature that was occasioned by the 
importation of marine air from the Pacific. 

The Salinas Valley temperatures exhibit the same 
characteristics as those in the Bay Region because this 
valley offers the same easy passage to the oceanic air. 

As the marine air made its way into the interior, the 
specific humidity rose steadily, and maximum values 
were reached at most stations late on the 15th; but a 
few in the extremities of the valleys did not attain maxi- 
mum values until the morning of the 16th. As was to be 
expected, the dewpoint rose at all stations. The maxi- 
mum specific humidity values are set forth in table 4, 
which follows: 
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TaBLE 4.—Mazimum specific humidity values 
Time of Parts 
Station occur- | Date thon. 
renee sand 
Bay Region: 
San Fri cisco Airport ik 7 
Santa Clara Valley: 
Sunnyvale Naval Air Station... Noon 16 12. 86 
Eastward across y: 
Northward in valley: ' 
5 p.m. 15 11, 65 
Southward in valley: 


It will be noted that there is little difference in the 
specific humidity at any of the stations, including Mount 
amilton. This leaves no doubt as to the identity of the 
air mass involved. Blue Canyon specific humidity 
appears to be too high, but a thunderstorm occurred there 
on the 16th and the light rain which fell may have been 
responsible for the high value. 
he weather map of 8 a.m. of the 14th shows that the 
trough from the southwest low in working northward has 
severed the oceanic and plateau highs. nditions in the 
interior valley were still stagnant and Red Bluff reported 
the highest August temperature of record, as Sacramento 
had done the preceding day. Wind movement at all 
levels in the free air was predominantly westerly by the 
morning of the 15th, indicating that the transition period 
was over and that the control had passed from the dry 
hot air to the humid marine air. The marine air by this 
time had increased greatly in depth and had become 
deeper than the altitude of the coastal mountains. The 
eastward moving mass of cool, moist air passed over the 
coast range, across the interior valley and over the Sierra 
Nevada. Its forward edge had all of the characteristics 
of a cold front. On the 16th thunderstorms occurred 


MONTHLY WEATHER REVIEW 45 


throughout the entire length of the Sierra as indicated by 
reports from the fire weather stations and airways stations 
in the mountains. Reno also reported a thunderstorm on 
this date. Following the passage of the cold front the 
— rose rapidly; and by the evening of the 16th the 

acific high again extended into the plateau, the ‘‘land 
breeze” was again predominant. A few days later it was 
again superseded by the air from the ocean and the con- 
ditions discussed above were repeated, but to a less degree. 
The inevitable stratus clouds formed in the Bay Region 
on the night of the 14th-15th. On this date the marine 
air was much deeper, and the maximum temperature 
somewhat lower than on the preceding day. The cooling 
necessary to reach the dew point, which was practically 
the same as on the previous day, would be much less. 
Cooling on this night would be most pronounced at the 
upper surface of the marine air, where radiation is most 
active. Six hundred feet was the height of the first few 
patches of cloud that formed at the Oakland Airport about 
11 p.m. of the 14th. Ceiling light measurements made 
some time later gave the height as 700 feet. The ceiling 
decreased to 300 feet by 3 a.m. of the 15th. At San 
Francisco airport, on the west side of the bay, the clouds 
did not form until 5 a.m. of the 15th and their base was 
800 feet high. 

The inversion in temperature had almost disappeared 
by the 15th and the layer of marine air extended upward 
to an unknown height. The junction of the marine air 
and the dry air which it was displacing was at some height 
above 10,000 feet, the height of the Sunnyvale aerographic 
flight, part three, figure 3. At such an altitude and 
after 3 days of contact, the interface would be less marked 
than when the marine air first pushed inland. The dew 
point graph of the aerographic flight referred to above 
shows that the moisture content of the marine air steadily 
decreased with ascent. A reduction in water vapor would 
reduce the effective outgoing radiation at the top of the 
layer. Hence any clouds that formed would do so slowly 
and if at the surface of sintonieaty or somewhat below, 
would be so high as to be outside of the category of stratus. 
A few high clouds were noted at Oakland Airport on this 
night but no summer stratus. 


SOME RESULTS OF SOUNDING-BALLOON OBSERVATIONS DURING THE SECOND 
INTERNATIONAL POLAR YEAR, AUGUST 1932 TO AUGUST 1933, INCLUSIVE 


By J. C. 
[Weather Bureau, Washington, D.C., March 1934] 


Sounding-balloon observations were made in the United 
States on international days of the first and second orders ! 
at Dallas, Tex., Omaha, Nebr., and Ellendale, N.Dak: 
In June 1933 this work was transferred from Ellendale to 
Pembina, N.Dak., due to the closing of the former 
station. Six observations per month, made in two series 
of three flights each, were made at all three stations. In 
each case the series was begun about noon and the other 
two flights made at approximately midnight (12 hours 
later) and 6 a.m. (18 hours later), respectively, 90th 
meridian time. The total number of observations was 
234—by far the largest number of sounding-balloon obser- 
vations ever made in this country during a similar period. 
Eighty-five percent of the meteorographs have been 
returned. 

The distribution of the observations with respect to time 
and place makes it possible to study various annual and 


i That is, the second Wednesday and Thursday and the fourth Wednesday and 


Thursday in each month, respectively. 


latitudinal variations which heretofore have been undeter- 
mined because of lack of adequate data. The relatively 
short interval of time between the flights in any series 
also makes it possible to study individual cases of the 
variations with time of the conditions attending weather 
changes. 
As a whole, the data acquired during the Polar Year is, 
no doubt, the most reliable yet obtained in this country, 
largely because of a better understanding of the behavior 
of the pressure-recording mechanism. However, the 
temperatures recorded on the day flights probably are still 
in error owing to insolation effects. If these errors are 
large, they obviously render the data useless for studying 
short-range variations accompanying weather changes. 
As much of this effect as —— was removed from the 
present temperature records as follows: 

On every day on which flights were available for noon 
and the following midnight, the temperature change from 
noon to midnight was found for each standard kilometric 
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level. The averages of these ch at these levels were 
then found and plotted against altitude. The same pro- 
cedure was followed for the midnight and 6 a.m. fig ts. 
The results of both cases are shown in figure 1. It is 
clearly shown that the average temperatures recorded on 
the day flights are higher than those recorded on the “po 
flights, and that the difference between the recorded day 
and night temperatures increases rapidly with altitude. 
Obviously this difference may ue to an actual 
difference in temperature or to a systematic error. An 
actual difference in air temperature of this amount, i.e., 
such a large diurnal temperature range, is not to be ex- 
ted. The difference is more probably due to errors 
in the recorded temperatures, the recorded night temper- 
atures being too low or the day temperatures too high. 
The predominance of radiation over absorption probably 
tends to cause the instrument at night to record a tem- 
rature below that of the air but this error is believed to 
e negligible. It is therefore believed that practically all 
of the observed difference is due to the effect of solar 
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FiGURE 1.—Average errors (caused by insolation) in recorded temperatures plotted 
against altitude. 


insolation. More specifically, it is believed that a large 
part of the effect is produced by the direct absorption of 
solar radiation by the temperature element itself, since 
it is in such a position in the ventilating tube that the 
sun’s rays can strike it both directly and by one or more 
reflections inside the polished tube when the sun’s altitude 
is great, such as is the case at noon. On the morning 
flights the sun obviously cannot shine down into the ven- 
tilating tube. The errors in the morning temperatures 
are seen to be smaller at all altitudes than those in the 
noon temperatures, and are particularly small up to 10 
kilometers. Above 10 kilometers, however, the curves 
have similar slopes, indicating similar causes of the errors 
in the two cases. It is quite possible that in the early 
morning flights the sun shines into the tube from the 
bottom at frequent intervals during the ascent, thus 
striking the temperature element which is located very 
near the bottom of the tube. 

The increase of the size of the errors with altitude is 
undoubtedly due to the decrease of air density, and thus 
of ventilation, with altitude. 
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Recently, J. Jaumotte (1) has made calculations which 
5 oan to prove the impossibility of important insolation 
effects in the temperatures recorded by his instrument. 
Obviously, the construction of the Jaumotte meteoro- 
graph does not permit solar rays to strike the tempera- 
ture element directly. 

The values obtained from the two curves in figure 1 
have been applied to all the recorded temperatures in an 
effort to obtain values more nearly representative of the 
actual air temperature than are the observed values. 
The temperature values were then plotted against altitude 
and the results are shown in figure 2. The three flights 
for any series were all plotted on the same axis so the 
changes of temperature with time at any particular alti- 
tude can be observed directly. The curves for the series 
are so placed that the variation with latitude can also be 
observed directly. 

It will be noted that large temperature inversions in the 
stratosphere are less frequent than in many other sets of 
temperature-height curves. 

Another characteristic feature of some of these curves 
should also be mentioned. This is a sort of ‘‘false 
tropopause.” That is, the temperature-height curve 
indicates a normal temperature decrease with height up 
to about the normal height of the tropopause, and then 
shows the normal characteristics of a temperature-height 
curve at the tropopause. Above the tropopause, however 
the temperature again starts to decrease with height at a 
rate greater than that ordinarily found in the strato- 

here. The most pronounced examples of this occur in 
the flights of August 24 and 25, at Ellendale; June 7, 
at Omaha; December 14 and 15, at Ellendale and Omaha; 
and March 8, at Dallas. This phenomenon might be 
caused by an unusual amount of convection in the 
stratosphere or by dynamic effects on a much larger scale, 
such as subsidence over a relatively large area. However, 
it appears to be more reasonable to suppose that it is 
caused either by a current of cold air moving in the strato- 
sphere immediately above the level at which the tem- 
perature again commences to fall with increasing height 
se - the importation of relatively warm air below this 
evel. 

Figure 2 furnishes data for every month during the 
year, which makes it possible for the first time to deter- 
mine, with a fair degree of accuracy, the annual variation 
of the height of the tropopause at various latitudes in 
the United States. Figure 3 shows the height of the 
tropopause plotted against time of year. The curves 
drawn through these sets of points are by no means meant 
to indicate accurately the average heights of the tropo- 

ause at the various times and places because this height 
is so variable that the present number of observations is 
insufficient to determine it accurately.. However, the 
curves are believed to give a clear and accurate picture of 
the general tendency and the absolute values are not 
believed to be greatly in error. 

The average height of the tropopause is seen to be 

test in late summer at all three stations and least in 
ate winter. The annual range is relatively small at 
Dallas, the most southern station, greatest at Omaha, 
the central station, and small — at Ellendale, the 
most northern station. The small range at Dallas is to 
be expected. Here the tropopause is high in summer and 
its height is decreased only a relatively small amount in 
winter. At Omaha, the height is expected to vary con- 
siderably because of the large annual variation in surface 
temperature and the overlapping of northern and south- 
ern weather conditions. Here the tropopause averages 
practically as high in summer as it does at Dallas and 
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nearly as low in winter as it does at Ellendale. At 
Ellendale, we again have a predominance of one type of 
weather and, consequently, a smaller annual range in the 
height of the tropopause. 

It is of particular interest to note the points in figure 
3, which fall a considerable distance awa: ot the curves, 
as these points represent unusual conditions. The sig- 


AUG. 10-11, 1932 


AUG. 24-25, 1932 SEPT. 14-15, 1932 SEPT. 28-29, 1932 


MONTHLY WEATHER REVIEW 47 


amples of the annual variation in pressure at various 
levels, the surface curve being omitted because of the 
fewness of observations. The points in this figure which 
fall far from the curves are likewise of special interest and 
will be discussed later. 

Curves similar to those in figure 4 were drawn for each 
of the three stations for each standard kilometric level and 
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FiGuRE 2.—Temperature-height curves; temperatures have been corrected by the amounts indicated in Figure 1 (dashed lines indicate flights made near 


noon, dotted lines near midn 


nificance of the position of some of these points will be 
discussed later. 

It is well known that the annual variation of barometric 
pressure is small at the surface and increases with altitude 
through the first few kilometers. The annual variation 
of this element up to about 4 km has already been de- 
termined for several places in the United States from kite 
observations (2). The present observations furnish data 
for much greater elevations. Figure 4 shows some ex- 


t, and solid lines near 6 a.m.) 


the annual range indicated by each curve was found. 
These annual ranges in barometric pressure were then 
plotted against altitude. The results are shown in figure 5. 

It is of particular interest to note that the maximum 
annual range occurs at about 8 km at all three stations. 
This altitude is the well-known level of constant density. 
The maximum annual range is least at Dallas, the most 
southern station, and greatest at Ellendale, the most 
northern station. The maximum pressure at all altitudes 
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higher than about 1.5 km occurs during late summer 
(August) at all three stations and the minimum pressure 
occurs about February. During summer, the pressures in 
these levels average about 2 mb less at Omaha than at 
corresponding altitudes at Dallas and about 4 mb lower at 
Ellendale than at Omaha. However, in winter the pres- 
sures at the intermediate levels, i.e., about 4 to 10 km, 
average about 17 mb lower at Omaha than at correspond- 
ing altitudes at Dallas and about 10 mb lower at Ellendale 
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Figure 6 shows some examples of the type of curve ob- 
tained by plotting temperature against time of year for a 
level in the stratosphere. It is quite evident from these 
curves that there is a decided tendency for lower tempera- 
tures in late summer in the stratosphere than in any other 
season. The warmest period appears to be late winter or 
early spring. The most pronounced annual range of 
38 cage is at Omaha and the least pronounced at 
Dallas. Curves drawn for other levels in the stratosphere 
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thanat Omaha. At higher levels in winter the latitudinal show this tendency even more clearly. The number of 


variation in pressure, i.e., the N—S pressure gradient, de- 
creases rapidly with altitude until at 17 km the average 
oe at Omaha is only about 5 mb less than that at 

allas and nearly equal to the average pressure at that 
altitude at Ellendale. 

It is of interest to compare the data just outlined with 
the averages found by various workers (3) for European 
stations. 


observations is insufficient to permit the calculation of 
reliable means, but it can be said that the annual tempera- 
ture range at all three stations at altitudes of 15 km and 
somewhat higher, certainly appears to be of the order of 
10°C. This is a striking contrast to the results found for 
European stations slightly farther north than Ellendale. 
At these stations the temperatures in the stratosphere are 
of the order of 5° C. higher in summer than in winter. 
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A. Wagner (4) gives some data for Toronto which are 


very similar to those obtained in the present series of 
observations. The averages given by Wagner for the 
United States stations, on the other hand, show the 
lowest temperatures to occur in autumn and the highest 
in summer. These temperatures are probably consider- 
ably affected by insolation, seasonal grouping, etc., and 
should be taken with reservations. It is true, of course, 
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tally the southward movement en masse of polar condi- 
tions in winter. 

With reget to temperatures in the stratosphere and 
height of the tropopause during the passage of high-and 
low-pressure areas, it may be stated that the present 
data show tendencies directly opposite to various averages 
found for the European stations. That is, in a strong 
high-pressure area in winter, the tropopause is abnormally 
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that the present data were all gathered in a single year 
which, possibly, was an abnormal year, but it seems prob- 
able that they at least indicate the normal trend. It is 
obvious that curves such as figure 6 give a better indica- 
tion of the annual trend than a grouping of the values 
into seasonal normals in which the maximum and mini- 
mum points are considerably smoothed. 

The cause of this inverse seasonal temperature trend, 
while undoubtedly complicated, appears to be fundamen- 


low and the temperatures in the stratosphere abnormally 
high. The best examples of this are found in the obser- 
vations on October 26 and 27 at Omaha and Ellendale, 
on February 8 and 9 at all three stations, and on March 
8 and 9 at Ellendale. Figure 3 shows the tropopause in 
each of these cases to be 2 to 4 km lower than normal. 
Figure 4 shows the pressures to be low at all altitudes 
from 2 km up to 12 to 15 km, and figure 6 shows the 
temperatures to be high except in the case of March 8 
and 9, at Ellendale. 
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The temperatures in the upper levels at Ellendale and 
Omaha at noon on February 8 are especially worthy of 
note since they are approximately equal at the two sta- 
tions and are the highest recorded during the year at 


these levels. 

The observations on March 8 and 9 at Ellendale are 
also noteworthy. 
ing morning the pressure rose at the surface, fell from 2 
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From noon of the 8th until the follow- 
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The temperature on this date rose between noon and the 
following morning at all levels up to about 5 km and fell 
at all heights above this. 

Such temperature changes at high levels are often 
explained as being caused mainly by adiabatic expansion 
or compression. Thus it might be said that on Febru- 
ary 8 and 9 the air in the levels nearest the ground is 
heated in some way, that it then expands and forces the 


MAY 10-11, 1933 MAY 24-25, 1933 JUNE 7-8,1933 JUNE 21-22, 1933 JULY 12-13, 1933 JULY 26-27, 1932 
| | } : 
ELLENDALE, 
\ 
\ 4 
10 
\ 
iN \ \ 
/ | OMAHA, NEBR. i 
= \ \ \ 
\ \ 
\ 
\ 
\ DALLAS, TEX. 
5 
D 
-50 0 -50 0 5 -50 0 -50 


0 0 -50 0 
TEMPERATURE (°C) 


FiGuRE 2.—(Continued.) 


km up to about 10 km, and remained nearly constant 
above this height. The temperature fell between noon 
and the following morning at the surface and up to 5 km. 
Above 5 km the temperature rose at all levels up to the 
maximum height of 17 km. On February 8 and 9 the 
pressure fell between noon and the following morning at 
the surface and up to about 1.5 km, rose between this 
point and 10 km, and above 10 km it again fell slightly, 


air above it upward to form a sort of hill of air which 
then flows away at the top causing expansion and cooling 
of the air below it. It will now be shown that the tem- 
perature changes observed on February 8 and 9 could 
not possibly have been caused by such a process. The 
method by which this is shown is a quantitative method 
which it is believed is generally applicable and aids mate- 
rially in the study of such cases, 
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Figure 3.—Height of the tropopause plotted against time of year showing the annual variation. 
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Figure 4.—Barometric pressure in mb plotted against time of year showing the annual variation at indicated altitudes above sea level. 
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By ee a the pressure recorded on any flight against 
altitude and integrating the curve between any two 
levels, it is obvious that one obtains the pressure-volume 
product of a column of air 1 square centimeter in cross 
section extending between the two levels. If the tem- 
perature of the column of air is known, then the number 
of mols ' of air in the column can be calculated by means 
of the perfect gas equation, PV=NRT. If the pressure 
is expressed in ailtibiere, volume in cc, and temperature 
in degrees Kelvin, then R obviously is 8.319 X 10 *. 

This calculation was carried out for the observations 
made at Ellendale on February 8 and 9. The units of 
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integration used were 100-meter layers in the lower levels 
and 500-meter layers in the upper levels since the pressure 
can be considered as changing linearly within these 
intervals. The data obtained for these small intervals 
were then summed up for the intervals surface to 1 km, 
and for each kilometer thereafter up to 15 km. The 

results are shown in table 1. 


TABLE 1.—Moles ' of air between levels indicated 


Feb. 8, | Feb. 9, 
Intervals in km, m.s.]. 1:28 p.m. | 7:32 a.m. Change 
2. 494 2. 521 +. 027 


! For definition see footnote below 


It will be seen that between noon of February 8, and the 
following morning, the quantity of gas per unit volume 
decreased at all levels up to about 5 km. This change is 
consistent with the direction of the temperature and pres- 
sure changes but simple calculation shows that the change 
in amount of air per column of unit cross section from 5 
km down to the surface would produce a decrease in sur- 
face pressure of about 14 mb whereas the actual decrease 
wasonly6mb. The number of mols of air per column of 


1 One mol of a pure substance (element or single compound) is that mass of it in grams 
which is numerically equal to its molecular weight. One mol of any gas, pure or homoge- 
neous mixture, such as air, occupies approximately 22.4 liters under standard conditions 
of temperature and pressure. 
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unit cross section between 5 and 15 km actually increased. 
It was thus obviously impossible for the air above 5 km 
to have been cooled by expansion. Similar calculations 
and a similar line of reasoning show that the temperature 
changes observed on March 8 and 9, could not possibly 
have been produced dynamically. 

As we have seen, the air below 5 km at Ellendale was 
heated between noon of February 8 and the following 
morning and at the same time the quantity per unit 
volume decreased, so that the temperature rise could not 
have been produced by adiabatic compression. The 
sun was shining only a very short time during this period 
and likewise could not have produced the temperature 
rise. Hence, the temperature change must have been 
produced by a change of air masses. Likewise, between 
5 km and 15 km such a change must have occurred. 
Thus the decrease of 6 mb in the surface pressure was 
the combined effect of a decrease in the weight per unit 
column of the air below 5 km of about 14 = 4 and an in- 
crease above 5 km of about 8 mb. The pressure at 1.5 
km remained about constant but the above calculations 
show clearly that it would be incorrect to assume that 
the exchange of air masses over the station occurred at 
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FiGurE 6.—Annual temperature variation at 15 km, m.s.1. 


altitudes only up to 1.5 km. In other words, it is quite 
evident that the changes up to several kilometers were 
important in determining the total effect which was ob- 
served at the surface. It is believed that many of the 
so-called subsidence temperature changes would be found 
to be due to the importation of air having a different 
temperature, if they were analyzed from a rational stand- 
point, taking into account the observed temperature and 
pressure changes up to high altitudes. 

It is obvious that a high pressure area, in winter at 
least, need not be considered as a “hillof air.” Thesimple 
replacement of the first kilometer or so of relatively warm 
air by cold air is sufficient to produce the high pressures 
ordinarily observed. 
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The cases just given particular attention were observa- 
tions in HIGHS coming from the northwest. Pressure 
areas originating in other places, especially in the south- 
west, probably have different properties. Unfortunately, 
no observations were made in pronounced Lows. How- 
ever, during the international month of January 1934, 
sounding-balloon observations were made approximately 
every three hours during the passage of the southern 
sector of a well-defined Low. These data will be studied 
in detail and the results published as soon as possible. 
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THE EFFECT OF TEMPERATURE ON THE PRESSURE ELEMENTS OF THE FRIEZ 
AEROMETEOROGRAPH 


By J. C. Batiarp and W. B. DrawBaucH 
[{Aerological Division, Weather Bureau, Washington, D.C.] 


The classical work on the effect of temperature on 
pressure elements appears to have been that of Hergesell 
and Kleinschmidt (Beit. z. Physik der freien Atmos., 
I Bd., 108-119 and 208-210 (1904—05)). Since that time 
little has been added of theoretical interest, the equation 
in general usage for computing the effect of temperature 
on Aneroid and Bourdon elements still having the form 


— At (A+ ap) (1) 


where dp is the error in the recorded pressure, At is the 
temperature of the pressure element at the time the 
record was made minus its temperature during the cali- 
bration, A and @ are constants, and p is the recorded 
pressure. 

The value of a depends upon the metal of which the 
element is constructed, and accordingly should be con- 
stant for elements of a uniform and standard make. The 
value of A depends, for any particular make of element, 
upon the quantity of air left inside the chamber. Con- 
venti A can vary considerably for different elements 
and can even change with time for a given element. The 
values of these two constants can be found simultaneously 
for any element from pressure tests made at two different 
temperatures by plotting ép/—At against p. The slope 
of the line drawn through these points ofeionaly gives 
the value of a and its intercept on the 6p/— At axis gives 
the value of A. Theoretically, at least, A can be deter- 
mined for any particular element from tests made by 
subjecting the element to temperature extremes at con- 
stant pressure, once the value of a has been determined 
for that particular make of element. 

The latter are the type of tests which are made by the 
Weather Bureau to determine the effect of temperature 
and the method of correction has been equivalent to 
ii that a was zero, it being believed that a is very 
small. It has been frequently observed, however, in 
these tests that the position of the pressure pen changed 
with a change in temperature (pressure remaining con- 
stant) until some temperature in the region of 0° C. to 
—10° C. was reached, after which a further decrease of 
temperature caused little or no further variation in the 
position of the pressure pen. This performance was in 
direct disagreement with the assumption made in wing 
equation 1 that the effect of temperature is linear wi 
respect to temperature. The tests described below were 
made for the purpose of verifying or disproving the 
applicability of this equation to the Friez aerometeoro- 
graph, and if the equation were found applicable to 
determine the value of a for several instruments. 

Two series of pressure tests were made in which five 
aerometeorographs were tested sufficiently to permit 


several values of a to be obtained for each instrument. 
In the first series, tests were made at approximately 28°, 
—4°, —15°, and —35°C. The second series was made 
at approximately 28.5°, 18.5°, 14.5°, 9°, 4.6°, —0.3°, 
—8.5°, and —22.4° C. During the second series of tests 
care was taken to keep the relative humidity 100 percent 
inside the bell-jars. For each test the pressure pen deflec- 
tion was gen against observed pressure in the bell-jar 
(measured with a mercurial barometer) and a straight 
line drawn through the points. This line is called the 
test curve. 

The first series of tests thus furnished four test curves 
for each instrument. The slopes of these curves were 
plotted against temperature. For each instrument the 
three slopes at the low temperatures fell near a straight 
line which did not pass near the point, showing the slope 
of the test curve at room temperature. These results 
were thus in agreement with those indicated by the tests 
described above at constant pressure but were so unsound 
theoretically that it seemed apparent that some extra- 
neous factor was producing spurious results. The only 
apparent difference between the test at room temperature 
and the others, besides temperature, was the relative 
humidity in the jar, which was low during the former test 
but was 100 percent during the latter tests because the 
temperature inside the jar was lowered below the dew- 
point. It was therefore decided to make the second series 
of tests keeping the humidity constant at 100 percent 
during the tests at relatively high temperatures. 

The slopes of the test curves obtained in the second 
series of tests were plotted along with those of the first 
series and both sets of points clustered about a common 
straight line, which, as before, was well removed from the 
point representing the slope at low humidity. 

The results indicated that the effect of humidity on the 
paper record sheet can be of the same order of magnitude 
as the effect of temperature on the pressure element. 

The mean value of a weighted on the basis of the 
scatter of the points in the graph just described was found 
to be —0.00013, the individual values ranging between 
— 0.00004 and —0.00018. 

Since the compensation pressure (i.e., that pressure at 
which the temperature effect is zero) of most of these 
elements is near normal surface pressure, it is quite 
obvious that the errors in the pressures recorded at the 
higher levels in airplane flights, on the average, are of the 
order of 4 mb., if it is assumed that ais zero. However, if 
the compensation pressure were about 600 mb., it can 
easily be shown that the errors in the recorded pressures 
would very seldom be larger than 1 mb. at any pressure 
if no correction were applied for temperature effect. In 
view of this fact it was recommended that further investi- 
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gations be carried out to determine the amount of residual 
air which should be left inside the pressure elements in 
order to obtain a compensation pressure of about 600 mb. 
This work is now being done at the Weather Bureau and 
the results will appear shortly. If this work gives satis- 
factory results, it is planned to recompensate the elements 
now in use and then to omit the temperature correction 
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since it will, in general, be small in comparison to other 
uncertainties present. 

The authors desire to acknowledge the helpful sug- 
gestions of Dr. W. G. Brombacher, in charge of the 
Aeronautic Instrument Section, United States Bureau of 
Standards, where these tests were carried out. 


BATTLE OF THE CHINOOK WIND AT HAVRE, MONT. 


By Frank A. Mata 
[Weather Bureau office, Havre, Mont., January 1934] 


Apparently Havre, Mont., was on the battle front 
between cold polar air and warm Pacific air during most 
of December 1933. During the first week the weather 
was generally fair and mild, and the ground bare of snow. 
From the night of December 9 to December 12 a spell of 
cloudy weather with light-to-heavy snowfall. prevailed. 
The temperatures were below normal, ranging between 
3° and 11° F., and the winds generally from the east, 
while the ground in the surrounding country became 
covered with freshly-fallen snow from 6 to 9 inches deep. 
The 12th to the 16th had much below-normal temperature 
and more or less overcast skies and light snow flurries. 
The lowest temperature registered was — 13° on the 15th. 
However, on December 16, with clear sky, falling tem- 
perature and dry, cold air moving from the northeast, 
suddenly at 7:19 p.m., almost like a shot from a cannon, 
a southwest chinook wind struck the station. The tem- 
perature jumped from —9° to 18° almost instantly. The 
thermometer and the thermograph moved upward 27° in 
5 minutes. The wind velocity increased from 5 to 25 
and 30 miles per hour, blowing and whirling the fresh 
snow about the streets in a boisterous, blinding manner, 
while some exposed places were swept clean, others were 
packed with heavy drifts. The temperature continued 
to rise steadily during the next 36 hours, reaching 23° at 
midnight of the 16th and a maximum of 44° about 11 p.m. 
of the 17th. It continued in the 40’s until 4 a.m. of the 
18th when a cold wave swept over the station and forced 
the mercury down to zero. The sharpest fall, 40° in 2 
hours, was from 43° at 4 a.m. to 3° at 6 a.m. 

During the period of rising temperature, from the 
night of the 16th until the morning of the 18th, the wind 
was blowing strongly from the southwest, averaging 23 
miles per hour during the entire 17th, with a maximum 
of 35 miles per hour. This forceful wind packed the 
snow so hard in drifted areas that transportation was 
difficult. Automobiles were stalled for hours along the 
highway, and trains were many hours late. Dnfting 
stopped about 9 a.m. of the 17th and by late afternoon 
the snow had softened and thawing begun. Water was 
running off the roofs all night and pools were standing 
in the streets. The sky was partly doway to cloudy, but 
no precipitation fell. 

The morning map of December 16 showed that Havre 
lay in a trough of quiet polar air, but conditions changed 
rapidly during the next 24 hours. As the map of the 
17th indicates an intense low centered off the north 
Pacific coast and reached inland to Alberta, with high 
pressure over the Plateau—a typical chinook map for 
this section. This explains Havre’s strong chinook on 
the night of the 16th-17th. 

During the 33 hours following 4 a.m. of the 18th mod- 
erate to fresh easterly winds caused a westward surface 
drift of cold polar air (from a high-pressure area that 
moved over from Alberta and Manitoba) which underran 
warm Pacific air and kept the temperatures at Havre 


down between zero and 19° F. Then at 6:55 p.m. of the 
19th the drift from the east gave way to a northerly wind 
and the full force of a west-southwest chinook struck at 
7:40 p.m. The velocities ranged from 20 to 33 miles per 
hour during the next 2 hours with a temperature rise to 
41° by 8:15 p.m., a jump of 27° in 1 hour and 15 minutes. 
A dash of rain fell between 7:30 and 8 p.m. but otherwise 
the sky was mostly clear. The chinook continued less 
than 2 hours, but thawing was in progress with water in 
the streets. Shortly before 10 p.m. a sharp increase in 
atmospheric pressure brought a cold northwest wind, 
attended by a corresponding fall in temperature from 38° 
at 10 p.m. to 7° at midnight and —1° by 5 a.m. the next 
day Poet 20). This cold polar air coming down 
from a Saskatchewan aiau, held until 7:30 p.m., when a 
wind controlled by a Plateau H1GH and a Low over Wash- 
ington caused another chinook from the southwest, 
blowing from 25 to 35 miles per hour and bringing a rise 
in temperature even greater than that on the preceding 
date. This rise was from 14° at 7 p.m. to 48° at 8:30 p.m., 
or 34° in 1% hours. The daily range in temperature for 
the 20th was 51°, from —1° to 50°. The remaining 
snow dwindled rapidly and water from melting ran in the 
streets in the early morning. 

This chinook, however, lasted only 11 hours. The 
center of the Washington Low in its eastward drift passed 
slightly north of Havre between midnight and 2 a.m. 
The pressure rose slowly from 3 to 6 a.m., then rapidly, 
0.3 inch in about 4 hours, to 10 a.m., accompanied b 
decreasing wind which veered from southwest throug 
west, northwest, north, to northeast in 30 minutes. 
The temperature fell 23° in 2 hours to a minimum of 22° 
at 9 a.m. 

Following this, conditions were about normal for the 
season for 15 hours, but in the meantime a strong wind 
developed aloft, as indicated by the 4 p.m. pilot-balloon 
observation, 29 miles per hour southwest at 1,500 feet 
above the ground. That started another chinook at this 
station about 10 p.m., December 21. A strong 26 mile- 

er-hour wind, accompanied by a temperature rise of 24° 
in 1% hours to 48°, drove into our midst to the bewilder- 
ment of the inhabitants. This was the fourth chinook of 
Pacific air in a period of 5days. It held sway for 11 hours, 
thawing and melting the snow and ice as usual. The 
accompanying fourth wave of diminished air pressure 
passed rapidly eastward and at its rear the apne rose 
rapidly again, 0.2 inch in 2 hours, bringing the cold polar 
air back over this station where it continued with sub- 
zero temperatures for 4 days, reaching a low of — 18° on 
December 26. 

‘All was quiet” in north-central Montana for 6 days 
when another chinook began at 1 p.m., December 29, 
with a rise in temperature of 27° in 2% hours, to 51° at 
3:30 p.m., and a southwest wind that increased to 28 miles 
per hour. It was followed in 18 hours by a shift of wind 
through northwest to northeast accompanied by a sharp 
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fall in temperature, 31° in 2 hours, from 6 to 8 a.m., 
December 30 to —5° at 11 p.m. (See table 1.) 

As a result of the alternate thawing and freezing there 
was, in the vicinity of Havre, much bare ground and the 
remaining snow cover during the early part of December 
was reduced to a mass of snow and ice from one quarter 
of an inch to several inches in thickness. (See fig. 1.) 
This condition was unfavorable for winter-sown grains 
and the ice prevented livestock from grazing, making 
feeding necessary. Roads were slippery, as were side- 
walks and streets. 

While these conflicts of the air masses were going on in 
north-central Montana, western Montana, northern 
Idaho, and the area westward to the Pacific coast received 
unprecedented rains, resulting in floods which washed out 
bridges and roads, deateayer homes, and delayed trans- 
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This conflict between warm and cold winds seems to 
have prevailed over central Montana throughout most of 
the month of December 1933 as indicated by the charts 
published in the Weekly Weather and Crop Bulletin, 
issued by the Weather Bureau at Washington, D.C. 
The chart showing departures of mean temperature from 
the normal for the week ending 8 a.m. December 12, 1933, 
shows minus values for Havre and the plains of north- 
eastern Montana, while the southern and western portions 
of Montana had plus departures, 6° or more, in the 
extreme west. The chart for the week ending December 
19 shows a much steeper gradient with the minus area 
including all of eastern Montana, —12° near Havre, and 
plus 3° in the southwestern mountainous section of the 
State. For the week ending December 26 the northeast 
portion of Montana continues in the area of minus 
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FIGURE 1.—Snow graph, Dec. 9-22, 1933, for Havre, Mont. (Total of by Figures above line are accumulated water content of snow. 
ae Ww are onal new 12-hour amounts. 


portation; and the country to the east, in North Dakota 
and northern Minnesota, experienced abnormally cold 
weather. 


TABLE 1.—Chinooks, December 1933, Havre, Mont. 


| Tempera Temperature Maxi- 
Date 3 mum Weather 
1933 
Hrs. oF. oF. °F.) m.p.h. 
Dee. 5-6...| 27 | 27,4hours_| 48 | 22, 12hours._} 19 | 33SW. rise, snow on 
Dee. 7...-- 5 | 16, 2hours.| 37 | 20, 8 hours. _| 17 | 18SW.| Clear. 
Dec. 16-18_| 33 | 27,5min-__| 44 | 40, 2hours._| 0 | 35SW./ Clear to cloudy. 
Dee. 19....| 2 | 27,75 min_| 41 | 40, 6 hours..|—1 | 33SW.| Trace, rain. 
Dec. 20-21_| 12 | 34,14 hrs_| 50 | 23, 2hours..| 22 | 388SW.| P.C. to cloudy. 
Dee. 21-22_| 10 | 24, 144 hrs_| 49 | 31,6 hours__| 8 | 26SW.| P.C. on snow on fall. 
Dec. 29-30_| 18 | 27, 2}¢ hrs_| 51 | 31, 2 hours._/—5 | 28 W. Om on snow on 


Note.—Temperatures in degrees Fahrenheit; wind from 4-cup anemometer corrected 
to true velocity. 
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departures, 9° in the extreme corner, while large plus de- 
partures are shown in the southwest, up to 12°. Again, 
the chart for the week ending January 2, 1934, shows a 
large minus departure in the northeast and a correspond- 
ingly large plus departure in the southwest part of the 
State. 

The charts of December 19 and January 2 show the 
battleline diagonally in a northwest-southeast direction 
through central Montana, following the general direction of 
the Continental Divide. The weather described for Havre 
is an example of what was experienced at other points near 
this ‘‘battleline” which surged back and forth from the 
foothills to about 250 miles out on the plains. 

A somewhat similar period of chinook conditions at 
Havre, with sudden rises and falls in temperature, oc- 
curred during March 7, 8, and 9, 1900. (See Monruiy 
Weatuer Review, vol. 28, April 1900, p. 161.) 

The thermograph and barograph records for the most 
interesting week, December 15-22, 1933, are given in 
figures 2 and 3, respectively. 
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FIGURE 2.—Thermograph trace, Dec. 15-22, 1933, Havre, Mont. 
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FiGuRE 3.—Barograph trace, Dec. 15-22, 1933, Havre, Mont. 


TABLE 2.—Wind aloft 


icated by pilot balloons) at Havre, Mont. 


Wind velocities in miles per hour 


4 
af 32 
588 

860 66 

$38 | 


10,000 feet 


8,000 feet 


Ve- 

Direc- 
loc- tio 
ity 


tion 


7,000 feet 


Ve-| pirec- 


loc- 
ity 


Direc- 
tion 


Elevations, feet above sea level 


6,000 feet 


Ve- 
loc- 
ity 


Direc- 
tion 


; 
a 

is 

2 | ¢ 

ee 


win 


fee 
45 p.m. 


4 
s 
Se 
. Bae 
Sb “a 3 
3 
>& 9 
3s . 
8 
Sos 
n 
= 
223 > 
WO, 
> 
5 
Q 


to SW. 

t 
miles 
1,500 
at 7 


in wes 


=| 
38525 3 
> 
SRS 
Det O 
ds 
2 3A 
meas 
26 ° 
= 
$25 
88% 
Aa 28 
ge 
“ag 258 


Dee. 18, 1933 6 19 £0 _ 
: 

| 
| 

| 

| | 

| 

ar 

W. |54|W. || 60| WNW.| WNW. 

Ww. 47 | WNW.| 47 | WNW.) 43 W. 

WSW. | WSW. | W. 

WSW. | 74| W. 70 | W. 

SW. 42| WSW. | 45 | WSW. | 36 

SW. 43 | WSW. | 43 | WSW. | 36| WSW. 

65 | WSW. | 65 

WNW.| 38 | WNW.| 42 | WNW. | 52 

WSW. | 56| WSW. | 66; W. W. | 
Ww. 70 | W. 72 | W. 

2 WSW. | WSW. | 36/| WSW. | 38/ W. Normal. 


Fresrvuary 1934 


On December 20 the wind at 4 p.m. was S., 6 miles per 
hour at the surface, but increased rapidly with altitude 
to 68 miles per hour at 3,800 feet. However, the light 
surface wind shifted to N. from 5 to 7:30 p.m., when the 
strong southwest wind began. 

On December 21 the wind was ENE., 14 miles per hour, 
at the surface, SW., 29 miles per hour, at 1,500 feet ele- 
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vation, and 82 miles per hour at 7,400 feet above the 
ground. The strong southwest wind set in at 11:30 p.m. 

On December 29 at 4 a.m. the wind was ENE., 2 miles 
= hour at the surface; WSW., 33 miles per hour at 1,500 
eet elevation, and W. at the surface at about 1:30 p.m. 
The temperature and humidity of these winds aloft would 
be interesting. 


THE JANUARY 1934 COLD WAVE ON MOUNT WASHINGTON, N.H. 


By SatvaTorE PaGuivuca 
(Mount Washington Observatory, Gorham, N.H., Feb. 15, 1934} 


The cold wave of January 29, 1934, hit Mount Wash- 
ington with extreme severity. The preceding day, Janu- 
ary 28, was characterized by relatively mild conditions, 
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further shift in wind to the NW. With a temperature of 
5° below zero at midnight, a total drop of 20° had occurred 
in the previous 4 hours. (See fig. 1.) 
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FIGURE 1.—The cold wave of Jan. 28-30, 1934, on Mount Washington, a — or 6,270 feet above m.s.1.) Drawn by Wendell Stephenson, Mount Washing- 
n vatory. 


the temperature having risen during the day to a maxi- 
mum of 22.6° F., with a 54- to 63-mi/hr wind of prevailing 
SW. direction. It snowed all day, with a total precipita- 
tion of 0.19 inch from 8 a.m. to 8 p.m. Also the summit 
was in dense, rime-forming fog all day. 

The pressure was unusually low and steadily falling, as 
the center of a low-pressure area moving eastward passed 
slightly north of Mount Washington. 

Shortly after 3 p.m. the temperature took a downward 
trend followed by gradual shifts in wind direction to the 
WSW., W., and WNW. The wind steadily increased to 
an average velocity of 80 mi/hr at 10 p.m., when a major 
drop in temperature took place, shortly followed by a 


From 3 a.m. to 7 a.m. January 29, the temperature 
dropped 25° more to 45.5° below zero. From 7 a.m. to 
10 a.m. the temperature was oscillating about —46°, with 
a minimum of —46.5°, read at 10 a.m. A pressure of 
22.187 inches (reduced to sea level, 29.35 inches) was 
noted on the mercurial barometer at 7:40 a.m., but baro- 
graph traces indicate that at 7:15 a.m. the pressure was 
nearly 22.15 inches. 

The wind which had been averaging 80 to 95 mi/hr, 
increased in velocity and gustiness to nearly 100 mi/hr 
early in the afternoon, senthhite a maximum of 120 mi/hr 
at 7 p.m. The wind direction was WNW. from 12 noon to 
5 p.m. when it shifted again to NW. 
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The temperature averaged —40° F. until 1 a.m., Jan- 
uary 30, when it took an upward trend. The pressure 
remained low all day January 29, the barograms showing 
high amplitude oscillations of the order of 0.15 inch. At 
8 p.m. the pressure started to rise. 

The summit was in fog all day, but rime was not forming 
to any appreciable extent. A very thin, whitish film 
would deposit on a thermometer after 4 or 5 minutes’ 
exposure, but it was not enough to obscure the spirit 
column or the graduation. It was hard to determine 
whether the deposit originated from minute undercooled 
water droplets or snow or ice particles. 

On January 30, the temperature rose gradually during 
the morning. It was practically steady in the afternoon, 
and at 8 p.m. started to rise again. The pressure rose 
rapidly during the day. The NW. wind gradually de- 
creased in velocity to 25 mi/hr late in the evening. It was 
clear, with visibility 9 all day, the only cloud being a 
small Altocumulus lenticularis to the northeast of the 
summit in the early morning. Fractocumulus clouds of 
peculiar cumulus appearance were forming at 1,800 meters 
on the west side of the mountain, the top occasionally 
reaching the summit level. 
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January 31 marked the end of this severe cold wave as 
the temperature reached —4° F. at noon and continued 
to rise in the afternoon. The temperature of —46.5° F. 
recorded at 10 a.m. January 29, and the pressure of 22.187 
inches by mercurial barometer, and 22.15 inches by baro- 
graphs, recorded the same morning at 7:40 a.m. and 7:15 
a.m. respectively, are the lowest since the establishment 
of the present observatory (October 1932). 

Temperatures were measured with standard alcohol 
thermometers, and continuously recorded by means of 
thermographs of the Bourdon tube type. Mercurial ther- 
mometers became sluggish at about —30° F. and were 
useless at lower temperatures. The wind movement was 
continuously recorded by means of an electrically heated 
anemometer of special design. Pressure measurement 
was obtained with a standard mercurial barometer and 
also with both a mercurial and an aneroid barograph. 

Some of the observers, equipped with windproof cloth- 
ing, were exposed to the extreme combination of 100-120 
miles an hour wind and 43° below zero for nearly 1 hour 
without experiencing any physical discomfort. During the 
whole period that the cold wave lasted, minor nose frost 
bites resulted, no more painful than ordinary sunburns. 


STORMS OVER THE NORTHEAST PACIFIC OCEAN AND ADJACENT LAND AREAS IN 
DECEMBER 1933 


By R. C. Counts, Jr. 
(Weather Bureau office, San Francisco, Calif., February 1934] 


The weather in the far Western States during Decem- 
ber 1933, was characterized by an excess of precipitation 
and abnormally high mean temperatures, except in Cali- 
fornia where the mean temperature approximated the 
pormal. Precipitation averaged nearly 21 inches in the 
western portion of Washington and Oregon, establishing 
a new record for the month, while in the eastern portion 
of each of these States and also in Idaho, the average has 
been exceeded in few previous years. Serious flood con- 
ditions with the attendant devastation and isolation of 
communities over a large part of Washington and north- 
western Oregon resulted from these exceptionally heavy 
rains. The number of cloudy and rainy days also estab- 
lished some new records. The mean temperature was 
the highest of record for December in Oregon and it was 
one of the mildest Decembers of record in Washington, 
Idaho, and Nevada. These mild temperatures and heavy 
rains melted the mountain snows, the run-off of which, 
along with the high tides caused by strong winds over 
land and offshore, aggravated the flood condition. On 
the last day of the month rains deluged an area in southern 
California between the coast and the San Gabriel and 
upper ranges of the San Bernardino Mountains, flooding 
the Los Angeles area and breaking records in that section 
for the heaviest rainfall in 24 hours. The largest amount 
was 13.42 inches at Glendale. The cause of these phe- 
nomenal rains necessarily requires at least a brief outline 
of the storm movements and anomalous distributions of 
the various air masses over the northeast Pacific and the 
adjacent portion of this continent. 

Throughout the greater part of the month a mass of 
cold air overlay Bering Sea and Alaska, and extended 
southeastward over Canada and the eastern portion of 
this country. However, the part over the Eastern States 
broke off at times from the larger air mass and moved on, 
giving place to warmer air during the eastward passage 
of a depression. On the first 18 days this mass was 
charted from the Bering Sea southward or southeastward 


over the ocean, quite often reaching the California coast, 
and after the first few days covered the Gulf of Alaska 
during the remainder of the month. The extent and 
intensity of this polar air mass were such that pressures 
at all stations on the coast of Alaska and British Columbia 
were far above normal while temperatures were corre- 
spondingly as far below normal. Pressures over Califor- 
nia and the Southwest were relatively high although 
about normal, but Washington and Oregon, situated on 
or near the most frequented storm path, showed sub- 
normal pressures and a decided excess in temperature. 
Winds at Juneau, Alaska, between the 8,000 and 14,000 
foot levels, except during a few days in the first week, 
were nearly northwest and usually of gale force. Winds 
of this character over Juneau, and cold air spreading from 
Alaska out over the ocean to approximately latitude 50°, 
precluded the possibility of cyclonic development over 
the Gulf of Alaska. The result was that the mean path 
of storms over the northeast Pacific was displaced far to 
the south of the normal storm path. With a few excep- 
tions during the opening days of the month the path lay 
south of latitude 50°, but on every occasion the storm 
track onto the continent was along or near the Washing- 
ton-British Columbia border. 

Normally, the marked contrast between the polar air 
and the warmer air over the ocean is near the Alaskan 
and Canadian coastline and it is along this line of dis- 
continuity that cyclones are so frequently generated and 
near which those moving from a region in higher latitudes 
farther west establish a path. In December 1933, with 
the drainage of cold air southward the surface of discon- 
tinuity was, of course, established 10° to 20° in latitude 
farther south over the ocean, and occasionally when the 
cold air reached from Bering Sea to latitude 30° this 
surface of contrasting temperatures was appearing in 
rather low latitudes. The dynamic equilibrium of these 
masses of air flowing side by side in opposite directions 
could not be maintained and cyclones having their in- 
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ception along the interface between these masses, were 
unusually frequent. Others moved intact across the 
ocean from the region west of the 180th meridian, but 
followed a more southerly path than normal. The 
processes involved in the formation of these cyclones 
were not changed but the place of origin was and this 
was an important factor in the cause of heavy rains in 
the Pacific Northwest. By virtue of their development 
in lower latitudes these depressions had easier access to a 
larger supply of warmer, moister air and their forward 
portions were heavily laden with water vapor. The Pa- 
cific Northwest was usually within the path of the heavily 
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moisture-laden sectors of cyclones and too, the rainfall 
was increased by the effect of forced ascent of the strong, 
moist, southerly winds by the mountains. At the close 
of the month one of these disturbances moved south- 
eastward with the result that large amounts of warm, 
moist air were transported to southern California and the 
area around and immediately to the north and west of 
Los Angeles received record-breaking rains. Again, the 
forced ascent of the moist winds by the sharp increase in 
elevation of that area back from the coast intensified what 
otherwise might have been unusual rains but not quite so 
heavy as occurred. 


AN UNUSUAL SOLAR HALO AT PORTLAND, OREG., FEBRUARY 15, 1934 


By W. H. Woopwarp 
{Weather Bureau office, Portland, Oreg., February 1934] 


An unusually brilliant display of solar halos was ob- 
served at Portland, Oreg., between 7:50 a.m. and 8:55 a.m. 
February 15, 1934, on which date the sunrise was at 7:14 
a.m. These refraction phenomena were of unusual 
interest for two reasons. First, the circumzenithal arc re- 
mained of nearly constant form and brilliancy from the time 
it was first witnessed at 8:20 a.m. until it vanished at 
8:50a.m. This period of 30 minutes during which this phe- 
nomon was visible ‘s quite unusual. W. J. Humphreys 
in ‘Physics of the Air’, and Louis Besson in ‘The 
Different Forms of Halos and Their Observation’, men- 
tion that this phenomenon does not long remain visible, 
5 minutes on the average. This circumzenithal arc, ap- 
proximately 60° long, was very brilliantly colored and 
like an exceptionally bright rainbow. Second, during the 
time of the year when there are cirrus clouds at Portland, 
the witnessing of solar halos usually is impossible on 
account of the prevailing lower clouds. 


The other refraction phenomena witnessed during this 
time were: A quarter arc of the great halo of 46°; two 
short ares of the halo of 22°, which at times were bright 
and of such width as to be in juxtaposition with the 
ordinary parhelia of 22°; and, the upper tangent are of 
the halo of 22°. At 7:50 a.m. a bright halo of 22° 
formed in juxtaposition with the ordinary parhelia of 22°, 
and simultaneously a brilliant upper tangent are devel- 
oped. These halos were clear in color—red toward the 
sun to violet, inclusive—and remained visible with 
changeable hue until about 8:45 a.m. At 8:20 a.m. the 
lower portion of the great halo of 46° and the circum- 
zenithal arc were observed to appear at approximately 
the same time. Fifteen minutes later, the arc of the 
great halo of 46° extended from the level of the sun to 
the circumzenithal arc, to which it was tangent. This 
great halo are remained of constant form, brilliantly 
colored, resembling a secondary rainbow in depth of 
color, and did not Fade until 8:50 a.m. 


TORNADOES IN LAUDERDALE COUNTY, MISS., SUNDAY, FEBRUARY 25, 1934 


By E. E. Unger 
{Weather Bureau office, Meridian, Miss., Mar. 8, 1934] 


The weather map of Sunday morning, February 25, 
1934, showed a crescent Low extending from Utah south- 
eastward through Texas and thence northeastward to 
the lower Ohio Valley with separate centers over western 
Colorado, extreme southern Texas, and southwestern 
Arkansas, while a large area of high barometric pressure, 
crested over Alberta and Saskatchewan, was pushing its 
way southward over the Plains States attended by a cold 
wave and fresh to strong winds as far south as the Texas 
Panhandle and Oklahoma. The temperatures that morn- 
ing were as low as 14° at Amarillo, Tex., while tempera- 
tures of 60° or more prevailed over southern and eastern 
Texas, Louisiana, and central and southern Mississippi. 
Every indication pointed to a rapid northeastward move- 
ment of the Low end an equally rapid southward move- 
ment of the HIGH with its attendant cold wave. Thus 
the stage was set for a stormy Sunday over eastern Mis- 
sissippi with rain, hail, thunderstorms, squall winds, and 
a generally turbulent condition. 

The weather conditions prevailing through Sunday, 
February 25, in Lauderdale County, Miss., of which 
Meridian is the county seat, were cloudy and somewhat 
unsettled with mild temperatures at 7 a.m., followed by 
a slight breaking away of the clouds and a little sunshine 
in mid-forenoon, after which time the clouds became 
thicker. From about noon to nightfall the cloud blanket 


was so heavy, with clouds moving rapidly from the 
southwest, that the use of lights indoors was necessary 
if one wished to read or write. The first rain began at 
Meridian at 10:55 a.m. and the first thunder was heard at 
11:55 a.m. Intermittent showers prevailed at Meridian 
to 3 p.m., heavy rain from 3 p.m. to 4:45 p.m., followed 
by moderate and then light rain to 8:15 p.m. Light 
hail, stones about the size of large sized peas, accompanied 
the heavy rain from 3:09 p.m. to 3:17 p.m. The wind, 
more or less variable with increasing gustiness, was 
generally from the southwest from 7 a.m. to 3:20 p.m. 
after which it shifted through west to north at 3:50 p.m., 
then to northeast between 5 and 6 p.m., then more or 
less variable but generally southeast till after 10 p.m., 
when the prevailing direction became northwest or west 
and the temperatures of the incoming cold wave first 
became noticeable. During the period of heavy rainfall, 
the winds were more of less squally, with a maximum 
velocity (true) of 28 miles per hour from the SW at 
3:12 p.m. and an extreme of 37 miles per hour at 3:14 
p.m. Although the data given in this paragraph are 
taken from the records of the Weather Bureau office at 
Meridian, yet from information obtained from interviews 
with a number of persons, the weather conditions prevail- 
ing throughout this and surrounding counties on Sunday, 
February 25, were very similar as to cloudiness, rain, 


. 


60 MONTHLY WEATHER REVIEW 


hail, thunderstorms, squall winds, and a generally tur- 
bulent state. Light hail was reported from a number of 
localities in this county as well as from the two tornado 
zones. 

The barograph trace at the Weather Bureau office at 
Meridian showed a rapid but steady fall of 0.30 inch in a 
little over 6 hours from 29.85 inches at 8:30 a.m. to 29.55 
inches at 2:50 p.m., after which the barometer began 
rising. Its rise was very unsteady with marked fluctua- 
tions to 6 p.m. and moderate fluctuations till after 2 a.m. 
of February 26. Although only light to moderate thun- 
der continued throughout the afternoon and evening to 
about 9 p.m., yet as indicated on the barograph trace of 
that date, a gusty squally condition prevailed, especially 
between the hours of 3 and 5 p.m. 

While these conditions were general over this section of 
Mississippi Sunday afternoon, February 25, two destruc- 
tive tornadoes occurred in Lauderdale County, one about 
13 miles to the north of Meridian in the Center Hill- 
Obadiah-Daleville community and the other about 13 
miles east-southeast of Meridian in the Purvis-Alamucha- 
Kewanee community. It is believed, however, from the 
scattered damage reported in other sections in and about 
Meridian and in view of the turbulent atmospheric con- 
ditions prevailing generally in this territory on that day, 
that other small local storms, probably approaching 
tornado characteristics, may have occurred. 

The writer visited the Center Hill-Obadiah-Daleville 
community the day following the storm to obtain first- 
hand information, and in addition to inspecting the path 
cut by this tornado and the damage resulting therefrom, 
a considerable number of persons, nearly all of whom were 
eyewitnesses of the storm, were interviewed. The 
Purvis-Alamucha-Kewanee district was not visited, but 
from information obtained through an interview with an 
eyewitness, and from press dispatches, there seems to be 
little doubt but that the tornado in the southeastern 
portion of the county was just as intense as the storm in 
the northern portion. 

The Center Hill-Obadiah-Daleville tornado was ob- 
served from an excellent vantage point from his home 
located on a hilltop in the Center Hill community by 
C. L. Pace. Mr. Pace stated that about 15 minutes 
before the funnel-shaped cloud passed, he noticed the 
clouds to the south, southwest, and west were very black 
and greatly disturbed when it appeared as though two of 
the cloud masses were being drawn together as though b 
suction. About 5 to 7 minutes before the storm passed, 
the sound of distant roaring similar to the noise produced 
by the approach of a long freight train on a still night was 
first noticed and about the same time the pendent cloud 
was observed to the southwest moving toward the ob- 
server, the pendent seeming to extend downward into a 
mist-like roll or ball-shaped cloud on the ground. Realizing 
that a tornado was approaching, Mr. Pace and those 
with him were about to seek refuge in a gully near the 
house when they noticed that the storm would pass some 
distance to the eastward. He said he watched the storm 
as long as it was visible and that it moved rather slowly, 
the lower portion ‘‘bouncing along the ground.” This 
rising and falling of the pendent cloud is indicated by the 
damage to trees. At some places in the path, destruction 
is complete; at other places just the tree tops are splintered 
and broken; still at other places there seems to be no 
effect of the storm at all except scattered debris which 
was apparently dropped from the funnel cloud as it 
—— overhead. As the storm passed, it produced a 
deafening*roar. In describing the action of the storm as 
it passed over the J. H. Downey barn, Mr. Pace said the 
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barn seemed to be enveloped in a cloud of dust and mist 
and immediately the air over the place where the barn 
had stood was full of debris flying in all directions “as 
though a great flock of large birds, suddenly frightened, 
had flown into the air.””, When the cloud had passed, the 
Downey barn was no longer there, but debris could be 
seen falling as the storm swept on. 

This tornado continued moving in a northeasterly direc- 
tion from the Center Hill community through the north- 
west portion of the Obadiah community 1} miles, or so, 
northwest of the schoolhouse, passed one fourth mile 
south of Daleville and spent itself a mile or two beyond 
the Meridian-Daleville highway. The total length of 
the path was about 10 miles. Where evidences of this 
tornado were visible the path of complete destruction was 
not more than 600 to 700 feet across, while its total width, 
including the strips of partial destruction on either side, 
was from 1,000 to 1,200 feet. 

The tornado was first observed by Mr. Pace about 2:35 
p.m. southwest of the Center Hill community, and last 
seen passing Daleville at approximately 2:50 p.m. Inter- 
mittent thundershowers had prevailed along the path of 
the distrubance and in the surrounding communities prior 
to the tornado but the rainfall had been light. Little or 
no rain fell as the storm was passing but some reported a 
little hail falling just previously, while others reported 
some light hail immediately afterward. Heavy rains 
occurred in the communities through which the tornado 
passed immediately after it went by. The wind just 
prior to the storm was very light. No lightning in con- 
nection with this storm was seen. 

The Calvert home located on a plot of high ground in 
the Center Hill community was one of the first buildings 
struck. There were no trees in the immediate proximity 
of the home to give evidence of the edge of the storm path 
but apparently the building was lifted bodily from its 
creosoted log footings and carried backward about 25 
feet where one corner of the house must have struck the 
ground and then hurled forward across the road, over or 
through the tree tops of a wooded slope to the opposite 
face of a small valley, probably 400 feet from where it 
had stood, and where the debris of the house and the 
bodies of its occupants were scattered over a field. 
Mr. Carl Calvert, his wife, and 4 of their 5 small children 
were in the house at the time and all were found dead 
when the storm had passed. This would indicate that 
the northern edge of the vortex of the pendent cloud 
passed over this home thus carrying it first backward 
and at least part way around the vortex. The chimney 
of the house fell toward the south. A large pile of 
kindling wood and a barrel beside the house seemed quite 
undisturbed. 

Robert McKee and Mr. and Mrs. Tom Richardson 
sought shelter in a ditch near the Richardson home and 
about 100 yards from the Carl Calvert home when es 4 
noticed the tornado approaching. In an interview wit 
Mr. McKee he said: ‘‘The cyclone must have passed 
over us just a few minutes after we got into the ditch and 
probably was not over us more than a minute, but it 
seems to me that during that period of time I lived 500 
years. The center of the storm (vortex) passed within 
40 feet of where I was lying, and as it went by I looked up 
and it was black as night. It seemed to be a tarlike 
substance rather than just air. In the ditch where I was 
lying, there was very little wind. It,is:impossible to 

escribe the noise of the storm but it seemed to me like 
all the noises of hell combined attended this tornado, and 
after its passage the contrasting (apparent) silence which 
followed immediately seemed equally awesome and un- 
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canny, as though a tremendous peace had settled on the 
earth. During the storm a piece of timber hit and frac- 
tured my shoulder, but at no time was I unconscious. 
Even now, although the storm occurred 10 days ago, I 
still have the impression that I was in hell and have 
returned to earth.’ 

A second storm of considerably less intensity passed 
over the Center Hill community about 3:30 p.m., damag- 
ing a gable of the Center Hill school, blowing down a 
number of small buildings and a barn, the Sites Helonging 
to A. W. Hanson, killing a number of his cattle and 
injuring others. This storm moved from the west toward 
the east although not believed to be a fully formed 
tornado. 

At the Daleville end of the tornado path, the D. E. 
Harbour home, a two-story frame structure was left 
standing though damaged to such an extent that it must 
be torn down before it can be rebuilt. The pendent 
cloud did not pass directly over this house but probably 
about 100 feet to the southeast of it. The front or east 
side and the south side of the main part of the house were 
completely blown out and a large portion of the roof 
destroyed while the building was drawn over toward the 
south about 15° from the perpendicular. 

The home of Jean Gordon, a Negro, was ascot aon by 
the storm—the roof was blown away and the house bowled 
over. His wife and their five children were indoors at 
the time. One of the children, a boy about 6 years of 
age, frightened by the roar of the storm which was about 
to strike, started to run out. He got as far as the outside 
edge of the porch when the wind blew him back into the 
house. In the meantime a 9-months-old baby was blown 
from its bed across the room into an empty fireplace, a 
distance of probably 10 feet. Bricks and timbers fell 
all around the baby as well as the mother and her other 
children, but none was even slightly scratched. 

The home of Algie White near Daleville was com- 
pletely destroyed and most of this home and the furnish- 
ings were carried away when the pendant cloud passed 
over it. Mr. White and his famil y were away for the 
day. One of the many pranks played by the storm 
occurred at this place. A small stand was left undamaged 
and as it had stood before the storm, with a lamp on it 
with the chimney unbroken, and beside the lamp a 
memorandum book, though all had been soaked by the 
rain following the tornado. 

The Purvis-Alamucha-Kewanee tornado apparently 
started on or near the Lauderdale-Clarke County line in 
the Purvis community at about 2:55 p.m. and traveled 
northeastward for about 16 miles to a point on or near 
the Mississippi-Alabama line about 2 miles southeast 
of Kewanee. This storm was witnessed by a number of 
persons. W. L. Smith, the city salesman for the Standard 
Oil Co. at Meridian, described the Purvis-Alamucha- 
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Kewanee tornado in detail to the writer. Mr. Smith was 
sitting with his family and parents in the living room of 
his home at Increase on Sunday afternoon, February 25, 
when ot became conscious of a peculiar rumbling 
sound. They all rushed to a window and saw a funnel- 
shaped cloud apparently moving toward them, and then 
they hurried from the house with the intention of all 
seeking refuge in a flower pitin the yard. However, when 
they reached the outside they noticed that the pendent 
cloud would pass some distance to the northwest of them. 
This tornado was first noticed and the noise first heard 
by Mr. Smith and his family at about 2:57 p.m. It 
passed approximately 1 mile to the northwest at 3:02 
p.m. and was last observed moving northeastward at 
3:08 p.m. The storm seemed to be moving slowly, 
probably 25 to 30 miles per hour. Due to the fact that 
the Smith home is not located on elevated ground and is 
in a more or less wooded section, it was impossible for 
them to see the portion of the pendent cloud close to the 
gone but the remainder of it could be clearly seen. In 

escribing the storm, Mr. Smith stated that thunder- 
showers and some wind, more or less gusty, had been in 
progress during the early afternoon and that occasionally 
the sky looked very threatening, though when the storm 
was first sighted and during its passage there was no rain 
falling and the air nearly calm, though the path was only 
a mile away. A heavy downpour of rain occurred imme- 
diately after the tornado had passed and some hail, about 
the size of peas, fell for a minute or two immediately 
preceding the passage. There was a noticeable drop in 
temperature about 30 minutes later. Continuous sheet 
lightning was observed in the top and immediately follow- 
ing the pendent cloud, giving the effect of a greenish-white 
glow, and the clouds to the rear of the storm seemed to 
rush inward as the funnel passed as though filling a 
vacuum. The path of the storm near Increase was about 
400 to 500 feet wide. As the tornado went through 
Bucatunna Swamp after passing Increase, Mr. Smith 
observed what he thought to be large tree tops well up 
in the funnel cloud being thrown out. The country 
through which this Purvis-Alamucha-Kewanee tornado 
passed is rather thinly settled and consists mostly of 
wood and swamp land. This storm killed a white boy 
and a Negro in the Purvis community, a Negress in the 
Salem community, and Mr. Curtis Bishop and Mr. 
Martin Brown near Kewanee. Mrs. Curtis Bishop died 
2 days later from injuries received in the storm. 

The total number of persons killed by these 2 torna- 
does was 12, 1 dying 2 days after the storm from injuries 
received in it. About 20 other persons were seriously 
injured, while some 15 to 20 received minor injuries. 
Twenty-five buildings were completely destroyed, and 19 
others damaged. 
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celona. 1933. 108p. tab., diagr. 23cm. (Servei met. 
Catalunya. Notes d’estudi, no. 55.) 


Berson, Arthur 
Die Arktisfahrt des Luftschiffes Graf Zeppelin im Juli 1931: 
wissenschaftliche Ergebnisse, mit einem Geleitwort von 
Hugo Eckener, herausgegeben im Auftrage der Aeroarctic 
durch A. Berson, R. t. Samoilowitsch, usw. Gotha, J. 
Perthes, 1933. 112 p. illus., plates, maps (part fold.) 
27% cm (Erganzungsheft Nr. 216 zu “Petermanns 
Mitteilungen’). At head of title: Internationale Gesell- 


schaft zur Erforschung der Arktis mit Luftfahrzeugen 
(Aeroarctic). ‘‘Bibliographisches Verzeichnis der wich- 
tigsten Literatur tiber die Taimyr-Halbinsel und Severnaja 
Samlja (Nordland)’’: p. [98] 112. 
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5.) (Bibliographie, p. 41.) 
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ber Klimaeigentiimlichkeiten im unteren Rheingau, unter 
besonderer Beriicksichtigung des Wisperwindes. (Frank- 
furter Geographische Hefte. 7. Jahrgang, 1933. Heft 1. 
Herausgegeben im Auftrage des Vorstandes des Vereins 
fiir Geographie und Statistik in Frankfurt a. M. von Dr. 
Max Hannemann.) 45 p. map, tables, diagr. 24 cm. 
Shipley, John F. 
Lightning. London. [1933.] 21 p. illus., diagr. 25 ecm. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS 
DURING FEBRUARY 1934 


By Irvine F. Hann, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1932 
Review, page 26. 

Table 1 shows that solar radiation intensities averaged 
considerably above normal for February at Washington 
and slightly below normal at Madison and Lincoln. The 
reading of 1.59 gram calories per minute per square 
centimeter of normal surface made on the 9th at Wash- 
ington, on which date the lowest temperature (—6.5° F.) 
since January 1912, was also recorded, is the highest 
normal incidence measurement ever obtained by this 
Bureau in that city, either directly or corrected for mean 
solar distance; the latter value in this case being 1.56 
gram calories. Narrow band spectral measurements 
obtained on that day also show an exceedingly small water 
and dust content of the atmosphere. 

Through the kind cooperation of Dr. H. H. Kimball, of 
Harvard University, who read the Marvin pyrheliometer, 
and Dr. L. B. Aldrich, of the Smithsonian Astrophysical 
Observatory, who read alternately Smithsonian silver- 
disk pyrheliometers no. 1 and no. 5, both our substandard 
pyrheliometers were checked during February and showed 
no change in their constants. The two recording micro- 
ammeters in use at Washington were also carefully 
checked at several points on their scales against a standard 
microammeter. We therefore are confident that all 
pyrheliometric apparatus in use at that station is in good 
condition. 

Table 2 shows a deficiency in the total solar and sky 
radiation received on a horizontal surface at Fresno, 
Pittsburgh, Twin Falls, La Jolla, and Miami, and an 
excess at all other stations for which normals have been 
computed. 

Turbidity measurements obtained on the 6th show a 
decreasing amount of dry dust and water vapor and 


other measurements on the 9th, 14th, 17th, and 20th 
show remarkably low dust and water content of the 
atmosphere. 

No polarization measurements were obtained at either 
Washington or Madison, owing to partially or completely 
snow-covered ground. 


TABLE 1.—Solar radiation intensities during February 1934 


Gram-calories per minute per square centimeter of normal surface 
WASHINGTON, D.C. 


Sun’s zenith distance 
8am.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date 75th Air mass Local 
ean 
time solar 
A.M. P.M time 
2.0 | 1.0) 20 | 3.0 | 40 | 5.0 € 
cal 
1. 44 
1. 22 
1. 54 
1.48 
1.31 
1. 
1. 32 
Feb. 24......... 1. 39) 
1. 27 
Means. 1.36 
Departures_- 
MADISON, WIS. 
1.04) 1.10) 1.28) 1.45 
1.05) 1.16) 1.31) 
Ped. 1.05) 1.23) 1.48 
93] 1.01) 1.15} 1.39) 1 
x... . 76 1.1 1 
1.63} 1.16) 1.36) i 
Departures_- —.04) —.03) +. 


a 
3 
= 
> 
; 
Re 
j 
= 


1934 
TABLE 1.—Solar radiation intensities during February 1984—Con. 
LINCOLN, NEBR. 
Sun’s zenith distance 
8a.m. | 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° |707 75.7° | 78.7° | Noon 

Date 75th Air mass Local 
time A.M. P.M. time 

e 6.0 | 4.0 | 3.0 | 2.0 | *1.0) 2.0 | 3.0 | 40 | 5.0 e 
1.38 3. 99 
1.35 4.37 
1,41 3.15 
3. 00 
1. 26 3. 45 
1. 32) 4. 57 
1.33 4.17 
1, 44 3. 81 
1.43 3. 81 
1.19 2.74 
1.35) 1.49} 1.32) 1.11) 
—.02)......| —.03} —.05) —.04) 
15 
Feb. 3.........- 0.7 
Feb. 5........-- 
wince 4 
2.7 
Feb. -4 
3.6 
|. 1.0 
Feb. 1.0 
10 
.6 
1.0 
-6 

“Extrapolated. 


TABLE 2.—Total, I, and screened, I,, I,, solar radiation intensity 
measurements, obtained during February 1934, and determinations 
of the atmospheric turbidity factor, 8, and water-vapor content, 
w=depth in centimeters, if precipitated 


AMERICAN UNIVERSITY, WASHINGTON, D.C. 


Tews 

Date and | Solar Air 1.94 1.94 

hour alti- mass Te I, I, | Blm-r | Bly-r |Bmean w 

angle tude Percentage of 

solar constant 
Feb. 6 gr. gr. gr. 
eae m | cal. | cal. | cal. cm 

33 26 | 1.81 /|1. 254 |0. 903 747 0. 080 | 69.9 6.9 | 0.26 
0:54 a. ..... 34 00 | 1.79 |1. 225 | .924 | .739 | .089 | .055 | .072 | 71.6 10.0 . 57 
| oe 34 14 | 1.78 |1.307 | .930 | .744 | .056 | .048 | .052 | 75.2 9.4 . 40 
yee” 22 22 | 2.61 |1.233 | .876 | .700 | .023 | .036 | .030 | 73.6 11.5 1.30 
yt RS 21 28 | 2.72 |1.182 | .882 | .707 | .041 | .035 | .038 | 71.0 11.6) L115 
Sig See 18 55 | 3.06 |1.129 | .803 | .648 | .025 | .045 | .035 | 71.0 14.3 | 2.90 
i fe 18 02 | 3.20 |1.098 | .809 | .652 | .035 | .040 | .038 | 69.0 13.7} 2.10 
3:44 14 26 | 3.97 |1.053 | . 785 | .639 | .026 | .035 | .030 | 65.5 10.0} 1.00 
| eee 13 48 | 4.13 |1.023 | .789 | .644 | .088 | .082 |! .035 | 63.5 12,1 90 

Feb. 9 
0:56 a... .- 34 46 | 1.75 |1. 582 {1.136 | .923 | .022 | .019 | . 0205) 82.6 3.1 1 
| ee 35 00 | 1.75 |1. 584 |1. 136 | .923 | .022 | .019 | .0205) 82.6 3.0 1 

Feb. 14 
37 18 | 1.65 |1. 402 |1.000 | .810 | .050 | .056 | .053 | 76.4 6.0 
0:34 a... 37 26 | 1. 64 |1.397 {1.000 | .811 | .053 | .057 | .055 | 76.0 5.8 as 

Feb. 17 
0:44 a... 38 02 | 1.62 |1.400 {1.015 | .814 | .054 | .088 | .046 | 78.5 8.2 4 
38 12 | 1.61 |1.421 {1.016 | .814 | .042 | .088 | .040 | 79.5 8.2 4 

Feb. 20 
0:45 a...... 39 02 | 1.58 |1. 482 [1.071 | .860 | .040 | .027 | .084 | 81.5 6.9 Re 
Ol 39 1.58 |1.485 |1.070 | .855 | .041 | .023 | .033 | 81.8 7.1 


Sky conditions at time radiation measurements were made. International meteoro- 
logical symbols have been employed to designate clouds, wind, and optical phenomena; 
= of haze, v for visibility, @ for solar constant. 6. St. a.m.; clearing at 10a. Few 

rCu noon. 

Feb. 9. Highest readings ever obtained by Weather Bureau in Washington. Also 
coldest day in 22 years. 

Feb. 14. Local smoke. 

Feb. 17. Local smoke. 

Feb. 20. Snow blowing across face of pyrheliometer at times. 
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TaBLe 2.—Total, I, and screened, I,, I,, solar radiation intensity 
measurements, obtained during February 1934, and determinations 
of the atmospheric turbidity factor, 8, and water-vapor content, 
w=depth in centimeters, if precipitated—Continued 


BLUE HILL METEOROLOGICAL OBSERVATORY OF HARVARD 
UNIVERSITY 


[Data furnished through the courtesy of Dr. Herbert H. Kimball] 


| Lw-o—I mn! 


Date and | Solar | 4;, — 
hour alti- Ile I, L Bi Brean Ww 
angle tude | ™8ss 
Percentage of 
solar constant 
Feb. 2 as 
wer cal. | cal. | cal. cm 
25 20 | 2.33 {1.156 |0. 848 |0. 690 |0. 065 10.071 |0. 068 | 67.3 9.4 5.0 
Feb. $ 
0:34 p.-... 30 36 | 1.96 |1. 196 | .887 | .740 | .004 | .112 | .103 | 64.6 4.7 1.4 
Feb. 
27 38 | 2.15 |1.331 | .967 | . 794 | .048 | .060 | . 054 | 71.6 4.9 1.3 
Feb. 10 
296 6....- 25 32 | 2.32 |1. 418 |1.019 | .826 | .018 | .032 | .025 | 77.4 6.2 2.0 
24 24 | 2.41 |1.313 769 | .031 | . 021 75.8 9.9 6.5 
Feb. 12 
32 34 | 1.85 |1.133 | .825 | .687 | . 104 | .112| .108 | 65.2 8.3 4.0 
0:08 a_.... 34 02 | 1.78 {1.221 | .870 | . 703 | .074 | .087 | .080 | 71.0 9.7 7.5 
Feb. 14 
209-5: 30 27 | 1.97 |1.334 | .994 | .814 | .068 | .050 | .064 | 71.6 4.5 1.3 
Feb. 15 
2:38 p_- 24 20 | 2.41 1.050 | .797 | .646 | .088 | .075 | .082 | 63.6 10.8 10.0 
Feb. 18 
0:06 p_-- 36 04 | 1.70 |1.316 | .918 | .750 | .055 | . 091 073 | 72.7 6.5 2.5 
1:42 p__--.| 31 15 | 1.93 |1. 207 | .845 | .691 | .063 | .098 | .080 | 69.8 9.0 4.9 
3:08 p__--- 21 00 | 2 77 |1.083 | .803 | .652 | .057 | .062 | .060 | 66.0 11.5} 10.1 
Feb. 21 
ae 8. 4. 31 17 | 1.92 |1.395 | .976 | .786 | .026 | .041 | .034 | 78.4 8.1 3.7 
0:50 a- 35 49 | 1.71 |1.442 | .985 | .790 | .020 | .042 | .031 | 80.5 7.8 3.6 
3 1.65 |1. 490 |1. 028 | .823 | .015 | .083 024 | 82.6 7.5 3.3 
2.05 {1.320 | .933 | . 738 | .028 | .030 | .029 | 78.2 11.7); 16.0 
4:04 p__.-- 13 09 | 4.34 | .843 | .657 | . 5388 | .055 | .055 | .055 | 55.0 12.5 9.5 
Feb. 25 
1:16 a__._- 35 50 | 1.71 |1. 480 |1.030 | .833 | .026 | .020 | .023 | 82.2 7.4 3.2 
Feb. 27 
a... 29 46 | 2.01 |1.322 | .971 | .784 | .052 | .042 | .047 | 74.7 7.9 3.4 
Feb. 28 
ier 29 29 | 2.02 |1. 407 {1.012 | .817 | .031 | .082 | .082 | 78.1 6.9 3.6 
0:40 a_....-| 38 58 | 1.59 /1. 450 /1. 028 | . 824 . 085 | .036 | 79.9 6.5 2.6 
30 44 | 1.95 |1.401 [1.002 | .810 | .033 | .039 | .086 | 77.5 6.6 2.4 


1 Reduced to value at mean solar distance. 


Note.—The decimal points in this column for January 1934 should be placed 2 posi- 
tions to the right. 


= 
| 
| 
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TABLE 3.—Average daily totals of solar radiation (direct +-diffuse) received on a horizontal surface 


Gram calories per square centimeter 
Week beginning— 
Washing- | New Pitts- | Fair- | Twin ; New | River- | Blue | Mount 
ton Lincoln | Chicago York | Fresno | burgh | banks | Falls | Miami! | ‘side | Hil | Washine- 
1934 cal. eal. cal cal cal. cal. cal cal. cal. cal cal, | cal cal. cal. cal 
4 tia 230 195 258 133 178 200 118 o4 222 307 277 218 201 
J ee eee 261 209 282 155 271 290 146 49 261 378 365 173 318 286 
| ES Set 235 216 329 168 248 340 140 68 273 283 356 315 327 287 280 
DOR. Dicckcntevevecus 363 289 184 233 | 239 | 144 106 197 230 399 252 236 306 254 
Departures from weekly normals 
| +51 +1 +25 +20 +115 +20 —2 +4 +26 +113 +8 
+8 —12 +52 +20 +75 +56 —30 —2 +8 +y —12 
+4 +34 —58 +0 +38 —59 —31 —6 —81 —84 +23 
Accumulated departures on Feb. 25 
+168 — 686 —679 +707 | +2,079 —555 —959 +84 —546 | +1,701 
ATMOSPHERIC eat yp SOLAR RADIATION PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
FEBRUARY 1934 
Date and time | (Dependent alone on observations at Zurich and its station at Arosa) 
from apparent pera- n bility ue- ou: mar’ | 
ness {Data furnished through the courtesy of Prof. W. Brunner, Eidgendssische Sternw arte / 
ture Zurich, Switzerland] 
8 3 Ci, Cieu, Freu.| Lt. hz. February 1934 February 1934 February 1934 
jc Lt. smk. 
Lt. smk 1 9 || 21 0 
6-7 Dns, hz. & smk. 2 12 9 22 0 
. 
& 4| Few Ci Lt. hz. 9 
8 3 | Few Ci, Cicu, Ast. 
9 4| Few 8 20--------- 0 
9 4 Hz. line 0 
= Few Mean: 28 days=7.8. 
a= Passage of an average-sized group t h the central meridian. 
POSITIONS AND AREAS OF SUN SPOTS —e formation rs 4 t+) ey: , on the eastern part of the sun’s disk; W, 0 
tern part; M, in the central zone. 
Communicated by Capt. J. F. Hellweg, U.S. Navy, Superintendent U.S. Naval Obser-  "'y— Entrn 
f vatory. Data sole a} by the U.S Naval Observatory in coo tion with Harvard d= Entrance of a large or average sized center of activity on the east limb. 
and Mount Wilson Observatories. Difference in longitude is measured from the 
central meridian, — west. North latitude is positive. Areas are corrected for 
, foreshortening and are ex in millionths of the sun’s visible hemisphere. The 
i total area for each day includes spots and groups] é 
Eastern| Heliographic Area Total 
Date stand- for Observatory a 
ard Diff. in | Longi-| Lati- 
time | longitude | tude | tude | SPot | Group 3 
1934 
h. m. A 
& PRES 10 45 —18.0 | 223.2 |+31.0 |_____- 81 81 | Mount Wilson. 
12 30 —4.0 | 223.1 |+31.0 16 Do. 
Tas: ll 6 +9.0 | 223.7 |+30.0 __ eee 25 | U.S. Naval. 
ae ll 5 —41.0 | 147.4 |—23.0 j____-- 12 12 | Mount Wilson. 
Feb. 6 —28.0 | 147.2 |—22.5 U.S. Naval. 
+43.0 | 218.2 |+28.5 9 |---..--- Do. = 
30 —76.0| 59.5 | +8.0 77 | U.S. Naval. 
1l 35 —63.0 59.3 | +8.0 62 Do. 1: 
> 13 15 —48.0} 60.2) +7.0/ 151 151 | Mount Wilson. 
12 55 —35.0; 60.2) +7.0| 124 124 D 2) 
Feb. 13......- ll 5 —22.0} 61.0 | +8.0 U.S. Naval 3 
ll 12 —9.0| 60.8 | +7.5 46 Do 
Feb. 16. 13 10 +18.0 60.4) +7.0 89 89 | Mount Wilson. 
_ ll 39 +31.0 | 61.1 | 31 31 | U.S. Naval 
12 6 +45.0 | 61.6 | +7.5 |-----. 31 31 Do. 
1 7 No spots Do. 
~ Mean daily 
area for 
Fe’ 40 


. 
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AEROLOGICAL OBSERVATIONS 


[Aerological Division, D. M. Little, in charge] 
By L. T. Samve.s 


Free-air temperatures for February, as shown in table 1, Free-air resultant winds for the month in general did 
averaged considerably below normal at Cleveland, the not differ appreciably from the normals. e largest 
departures decreasing in magnitude with increase in ele- deviations occurred on the Pacific coast where southerly 
vation. At the other stations the temperatures were components predominated. Resultant velocities were 
above normal with the exception of the lower levels at close to normal over the country as a whole. 

Pembina. Relative humidity departures were small and 
of no particular significance. 


TaBLE 1.—Free-air temperatures and relative humidities obtained by airplanes during February 1934 
TEMPERATURE (°C.) 


Cleveland, Ohio! || Dallas, Tex.? (146 || Omaha, Nebr.’ (300 || Pembina, N.Dak.‘ || San Diego, Calif.! 
meters) meters) e 


(246 meters) (243 meters) (5 meters) 
epar- epar- par- - 
Mean j|turefrom|} Mean j|turefrom|} Mean j|turefrom|} Mean Mean 
normal normal normal normal normal 
—11.2 (8) 5.7 (6) —5.4 8 —16.9 (8) 14.5 +1.4 
(8) 8.3 —3.9 —14.0 12.7 +0.7 
—9.8 —5.2 7.4 +0. 2 —-1.9 +1.5 —12.2 11.5 +1.0 
—10.5 —5.0 7.0 +11 —-13 +1.7 —12.0 
—11.2 —4.2 5.7 +1.7 —2.2 +2.1 —12.9 -1.3 7.9 +2.0 
—12.1 —3.3 3.3 +1.7 —4.2 +2.3 —14.6 
—13.9 —2.7 1.0 +1.9 —6.8 +2.3 —16.6 +0.3 2.2 +1.3 
—-17.5 —0.4 —5.4 +0. 4 —12.5 +2.2 —2.9 +1.5 —4.7 +1.3 
—22.5 1.2 —12.4 -0.9 —18.4 +3.1 —26.4 | 


RELATIVE HUMIDITY (PERCENT) 


82 82 78 (8) 87 (*) 77 + 

73 67 75 (6) 78 (°) 76 +12 
69 —2 62 +3 64 0 73 +4 63 +7 
63 +1 53 +1 57 0 68 Sg SER 
62 +5 48 +1 57 +4 63 +4 37 -4 
60 +4 43 ==] 60 +8 58 
58 +1 37 —§ 58 +6 55 —3 34 +3 
57 0 35 =~] 49 =} 50 -5 35 +3 
56 —2 34 +2 44 50 


; a Tem ate mepwartanee based on normals determined by extrapolating latitudinally those of Royal Center, Ind., and Due West,S.C. Humidity departures based on normals 
of Ro enter, 

em re nae See ures based on normals determined by interpolating latitudinally those of Groesbeck, Tex., and Broken Arrow, Okla. Humidity departures based on 
normals of Groes , Tex. 

3 Temperature and humidity departurés based on normals of Drexel, Nebr. 

; A. a a epentasas based on normals determined by extrapolating latitudinally those of Ellendale, N.Dak., and Drexél, Nebr. Humidity departures based on normals 
of Ellendale, N. 
5 Naval air station. 
6 Surface and 500-meter level departures omitted because of difference in time of day between airplane observations and those of kites upon which the normals are based. 


Times of observations: Weathér Bureau, 5 a.m.; Navy, 7 a.m.; Massachusetts Institute of Technology, 8 a.m.; eastern standard time. 


TABLE 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a.m. (E.S.T.) during February 1934 


(Wind from N =360°, E=90°, etc.] 
Albuquer- Atlanta, Bismarck Browns- Burling- || Cheyenne, || C Havre, Jackson- West, 
|| Ga. (309 || N.Dak.’ || ville, Tex. || ton, Vt.__ || Wyo. (1,878|| Il. || Ohio (245° Mont. (762 || ville, Fla. 
aa ) |\(518 meters)|| (7 meters) ||(132 meters)|| meters) meters) meters) meters) (14 meters) meters) 
Altitude (meters) 
m.s.l. a a a a a a a 
° ° ° ° ° ° ° ° ° 
Surface... .......- 323 | 1.3 || 384] 2} 05 197 | 0.8 || 286) 4.1 323 | 1.5 || 300} 0.7 257 | 1.8 || 327; L8 56 1.4 
826 | 6.0); 309] 6.4 160 | 4.0 207] 7.7 2380; 5.8 286 | 5.3 245| 260) 33 101 
308 | 10.1 306 | 10.4 88 239 83 281} 7.4 271 5.1 283 | 84 271; 6.4 264 2.7 
Mcivdandiascce 301 | 2.9 299 | 11.4 312 | 13.0 260 | 2.9 307 | 11.0 285 | 6.0 291 | 11.4 233 | 9.8 292 5.9 291; 9.1 235 | 7.5 269 3.0 
aaa 287 | 4.1 206 | 12.1 308 | 11.4 289 6.6 307 | 13.1 293 | 9.3 296 | 13.7 284 | 13.3 206 | 7.1 290 | 10.7 281) 84 275 4.4 
283 | 5.2 288 | 12.0 |} 302 | 11.2 277 | 7.9 290 | 11.8 298 | 9.4 299 | 14.2 || 289 | 13.7 311 | 8&4 297 | 11.6 |; 281); 96 269 6.2 


| 
2,500. 
|. 
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TABLE 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a.m. (E.S.T.) during February, 1934— 


Frepruary 1934 


Continued 
Les An- | Medford, || Memphis, | New Or- || Oakland, | Oklahoma |) , || Phoenix, one Lace || Washing- 
| geles, Oreg. (410 || Tenn. (83 i La. Calif. (8 || City, Okla. || Nebr. (306 i Ariz. (338 || ~ (1294 Mich (198 Wash. (14 || ton, D.C. 
\¢ 127 meters) meters) meters) i (1 meter) meters) (402 meters) meters) | meters) meters) meters) meters) (10 meters 
Altitude (meters) | | _| 
m.s. | 
| Sle] ele] sles 
| = | | = = = = 
eis | alisitals tials Als fale ale 
° © ° | ° ° ° | ° © 
344/ 1.6] 25) 14) 16] 33) 07) 96] 1.6 | 42/19) 13) 158) 06 327| 14 
124] 202] 45 229) 140) 246) 315) 6&1)) 348) .5 315| 5.5 || 200| 293] 91 
142 2.0 | 168 | 4.6 304] 29]! 200) 265] .8 172] 312] 9.5 5.2]] 301] 11.0 
ee 215 -4/| 196 5.8 299 | 9.2 282 5.6 206 3.4 302 4.3 311 | 11.3 | 245 1.5 |} 193 3.2 306 9.2 198 4.8 294 11.6 
209 | 207/ 212) 301/ 67 307/143 245; 229] 307| 97 191] 40] 201) 127 
227| 25 || 213| 69 || 304] 11.4 298| 85 || 229| 310) 310/159 |) 250] 4.8.) 245) 319/121 193 | 4.4 
28 | 213) 26 | 3.5 || 286/10.6|| 287| 7.8 || 266| 80|| 267| 


RIVERS AND FLOODS 


By Ricumonp T. Zocu 
{River and Flood Division, MONTROSE W. Hayes, in charge] 


In February there was a flood in the Cottonwood and 
other smal! creeks, near Red Bluff, Calif. The flood was 
caused by a local downpour and did considerable damage. 

Most of the rivers where a regular flood service is main- 
tained were low during the month. The lower Missis- 
sippi River was unusually low. The mean stage during 
the month at Memphis, Tenn., was the lowest during the 


past 45 years; however, at New Orleans it was not quite 
so low as in 1931. 

Late in the month floods occurred in a few rivers of the 
Ohio Valley and the Southeastern States. As most of 
these floods continued well into March a discussion of 
them and of ice movement in rivers in February will 
appear in a later issue of the Montuity WEATHER Review, 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


{The Marine Division, W1LLis E. Hurp, acting in charge] 


NORTH ATLANTIC OCEAN 
By Hersert C. Hunrer 


Pressure.—The average pressure over the North Atlan- 
tic during February 1934 was generally higher than nor- 
mal, and over the northeastern portion was much above 
normal, Valencia, Ireland, averaging 0.61 inch above. 
There was a slight deficiency indicated at a few south- 
western island stations. (See table 1.) The lowest pres- 
sure reading yet reported on shipboard this month was 
28.84 inches, which is considerably higher than the lowest 
readings usually reported during winter months. This 
was noted not quite 300 miles south of Sable Island, on 
the 13th, by the British S.S. San Tirso. Among land 
stations, Halifax, Nova Scotia, noted a slightly lower 
reading that day, and Julianehaab, Greenland, a con- 
siderably lower reading on the following day. Also 
Nantucket recorded a pressure of 28.81 inches on the 20th. 


TABLE 1.— Averages, departures, and extremes of atmospheric pressure 
(sea level) at selected stations for the North Atlantic Ocean and its 
shores, February 1934 


Average | Depar- 
Stations pressure ture Highest Date Lowest | Date 
Inches Inch Inches Inches 
Julianehaab, Greenland 30.12 | 18, 19, 24 28. 55 14 
Reykjavik, Iceland _-_-____ 29. 78 +0. 24 30. 62 26 29. 14 24 
Lerwick, Shetland Islands. 30. 05 +. 33 30. 69 1 29. 34 8 
Valencia, Ireland ---_--..-- 30. 51 +.61 30. 92 15 29. 85 24 
Lisbon, 30.24| +.14] 30.58 15| 29.96 3 
30. 09 +. 02 30. 24 20 29. 91 19 
Se 30. 32 +.17 30. 57 4 29. 98 12 
Belle Isle, Newfoundland_ 29. 81 +. 06 30. 38 18 29. 16 24 
Halifax, Nova Scotia-_--_- 29. 95 +.04 30. 66 28 28. 82 13 
30. 04 .00 30. 83 23 28. 81 20 
30. 16 +. 05 30. 84 28 29. 41 12 
EES 30. 10 —.02 30. 46 28 29. 62 13 
Turks Island. --........-- 30. 06 —.02 30. 18 24, 28 29. 92 17 
eae 30. 10 +. 03 30. 31 27 29. 88 12 
30. 16 +.07 30. 63 27 29. 72 25 
Cape Gracias, Nicaragua_ 29. 99 +.04 30. 10 23 29. 94 | 18 to 21 


Note.—All data based on a.m. observations only, with departures compiled from best 
available normals related to time of observations, except Hatteras, Key West, Nantucket, 
and New Orleans, which are 24-hour corrected means. 


Cyclones and gales.—Reports so far received indicate 
that gales were somewhat less frequent than usual over 
the North Atlantic during February. They were es- 
pecially few over the eastern and central portions of the 
chief steamship lanes between North American ports and 
the English Channel. However, in and near the Bay of 
Biscay and to southwestward toward the region of the 
Azores, gale force was attained on a few days, but near] 
always with wind from a northerly direction and wit 
least pressure either above or almost up to 30 inches. 
The most notable of these reports was one of force 11, 
about 200 miles off the coast of Portugal, on the 2d, en- 
countered by Belgian S.S. Makala. (See chart VIII.) 

The first 2 days brought numerous reports of gales over 
American coastal waters from the Carolinas to Newfound- 
land. On the morning of the 1st the southernmost of a 
series of low-pressure areas was central over Georgia, 
whence it advanced northeastward to the northern por- 
tion of the Gulf of St. Lawrence by the evening of the 2d, 
increasing greatly in intensity. Thereafter the advance 
was toward the north-northeast, so that scarcely any other 
vessels on the usual routes were affected by the winds 
connected with it. The first of the two reports of wind 
of hurricane strength is related to this cyclone; the Brit- 
ish S.S. Polycarp reported force 12 during the early hours 
of the 2d, approximately 300 miles east-northeast of 
Hatteras. 

From the 3d to the 8th, inclusive, very few gales 
were noted; and none from between the 10th and 55th 
meridians. 

From late on the 8th, near the coast of Georgia, gales 
were encountered over a narrow strip extending north- 
eastward to within about 500 miles of Ireland, where the 
wind was strongest on the 12th. Before this storm ceased 
to affect the steamship lanes another, which proved some- 
what more important, started over nearly the same path. 
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Not far from the North Carolina coast the schooner-yacht 
Uvira, bound for Central American waters, was disabled 
by high winds and heavy seas, but was towed into port 
on the 15th. The second and final advice of hurricane 
force is connected with this storm, the Italian 8.S. Nicolo 
Odero encountering a brief but very intense squall from 
the south, when about 400 miles east of Bermuda, during 
the late evening of the 13th. The area of low pressure 
causing it advanced more to northward during the 14th 
and 15th, so that practically no gales were noted in con- 
nection with this storm anywhere to eastward of mid- 
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ocean. 


50th meridian and near! 
South Carolina coast, 


(See charts IX an 

From the 17th to the 20th a moderate number of 
were encountered, all in the section to westward o 
all within the area between the 
ermuda, Cape Race, and Cape 


X.) 


ales 
the 


Cod. Chart XI indicates the situation on the 20th. 
The 3 days from 21st to 23d inclusive were almost with- 
out severe winds, but the final 5 days of the month show 
several reports, this time well scattered over the area close 


to or north of the 35th parallel of latitude. 


During the 


second half of February it was only on these 5 days that 


any gales were noted in the 
to eastward of longitude 40°. 


portion of the North Atlantic 
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The northeast trade wind of the Caribbean region at- 
tained unusual strength during the final week of Febru- 
ary. The American S.S. Makiki, bound from Cristobal 
to New York, encountered winds of at least force 6 during 
most of 6 days, blowing from between north-northeast 
and east-southeast. Gale strength was attained during 
the night of the 26-27th, in the west-central Caribbean. 

Fog.—Fog was encountered less than is usually the 
case during February, particularly from mid-ocean east- 
ward and to the northward of the 35th parallel. It was 
no more prevalent than during January, save in a very 
few 5° squares, mainly within short distances to eastward 
or southeastward of Newfoundland. The greatest preva- 
lence was 7 days, chiefly between the 13th and 22d, in 
the square from 40° to 45° north, 50° to 55° west. From 
the 45th parallel eastward there was searcely any fog, 
save very near the English and French coasts. However, 
the region around the Canary and Madeira Islands ex- 
perienced a condition resembling fog during 3 days about 
the 21st; a powdery dust filled the air, deepumably blown 
from the continental areas to eastward and northeast- 
ward. No fog has been reported from any part of the 
Gulf of Mexico save immediately at the shores, or from 
the vicinity of the eastern coasts of Florida and Georgia. 
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Vo Position at time of Low- | Direc- | Direction | Direc- 
yage lowest barometer Time of ‘st | tion of | and force | tion of | Direction | Shifts of wind 
Vessel Gale lowest Gale ba- wind of wind wind | and high- near time of 
— ended rom- at est of; lowest barom- 
e le wes eter 
From— To— Latitude | Longitude eter began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
Inches 
ice Kansas, | Galveston....| 32 30 N.| 74 40 W.) Feb. 9p Feb.1) Feb. 29.64 / S_....-- SSW., 9...| WNW.| S., 11_..__.| 8.-SW. 
m.S.8. 
Yuri Maru, Jap.S.S_....| New Orleans_| Philadelphia_| 34 57 N.| 75 30 12a, 29.48 | SE__-_- NNW./| NW., 10_-| 12 
carp, Barbados....| New York-.-|'36 00 N.|171 06 W.|...do.__- 3a, 29.26 | SSW__- ssw, 12._.| NNW_.| SSW., 12..| SSW.-_NNW. 
ala, Belg.S.S.....-.- Belgian Con- | Antwerp.-..- 40 46 N.| 10 48 4a, 2....| Feb. 4 29.99) NNE_-.| NNE., ll.| NE__..| NNE, None. 
go. 
eesport, Am.S.S_...| New York__-_| 41 07 N.| 6410 Feb. Noon, 2.| Feb. 2/| 29.26 | SSW...| SSW.,9...| NW SSW., 10_.| SW.-SSW.-NW. 
Belg.M.S..-- Port A Arthur_.| 137 55 N.| 163 02 3p, 29.33 | S_...... SSW., 10..| WNW.|} 8., 10....-- S.-SSW. 
ew New York...| Cherbourg.__| 41 00 N.| 60 12 6p, 2....| Feb. 29.48 | SE..... 8., 11......| None. 
Exilona, Casablanea..| 36 00 7000 W.| Feb. 9p,4....| Feb. 4 | 30.03 | NW_-- NW., .--| NW._.| NW., 10.._| SW.-NW 
Binnendyk, Du.S.S__.-.-| Rotterdam__.| New York._-| 41 09 N.| 6430 W.| Feb. 6) 7p,6..-.| Feb. 6 | 29.32 | N., N_..... ENE.-N. 
Bremen, Bremerhaven 42 30 N.| 56 20 W.| Feb. 7 | 5a.,7....| Feb. 7 | 29.27 | SSE.-_- 11...| WNW_)} SW., 11_._| SSE.-SW.-W 
San Tirso, Great Britain | 33 20 N.| 7615 W.| Feb. 9 | 6a,9....| Feb. 10 | 30.06 | N., N--..-- Steady. 
exico. 
Black Falcon, Am.S8.S...| Rotterdam...| New York._.| 43 58 N.| 48 24 Feb. 10 | Noon, 10|...do____| 29.30 | 8.-N.-NW 
Henri Jaspar, Belg.S.S_.| 50 15 N.| 29 00 Feb, 11 | 11p.11...| Feb. 12 | 29.29 | SSE_-..} S., 9.....-. SSE.-S 
Washington, Am.3.S...-| Baltimore....| Port Arthur..| 29 56 N.| 77 48 W.| Feb. 4p, 29.65 | SW_...| W., — W., 10.._-| None. 
Volendam, Du.S.S_....-| Rotterdam...| New York.._| 45 52 N.| 41 28 W.|_..do___-| 9p, 29.71 | SW..--.| S., 8.-SW. 
San Tirso, — Great Britain | 39 43 N.| 61 00 W.|_..do._.- 13.__| Feb. 14 | 28.84 | SSW_.-| SW., 10...) W____- .. | SSW.-SW 
Panuco, Am.S.8_...-..-- Puerto Mexi- New York._.| 36 19 N.| 75 03 W.| Feb. 13 | Ip, 13.._|---do....| 29.41 | NW__.| NW., 7.-.| NW__.| NW., 10_.| None 
Nicolo Odero, Ital.S.S_-- 32 02 N.} 57 50 W.|...do.___| 8p, 30.00 | SSW_._| SSW., 10._| SSW_--_| S., SSW.-S 
Paris, Havre........ New 43 24 N.| 58 06 8a, 20.24 | “WSW.., 2..| WNW_! WSW.., None. 
Europa, Ger.S.S........-. Fas 42 45 N.| 53 40 W.)...do.._.| 9a, 20.33 | S....... SSE, ...--| WSW., 10.| SSE.-WSW 
Adria, Aruba. Marseille____- 33 48 N.| 24 06 W.! Feb. 14 | 4p, 14...) Feb. 15 | 30.17 | NNE-_-.| NE., NNE., 9..| NNE.-NE 
Danmark, Dan.Ship....| Charleston...| Cherbourg._-| 35 10 N.| 67 30 W.| Feb. 17 | l0p,17..| Feb. 18 | 29.63 | NNW.| N., N-NNW 
of ‘Bermuda, Br. uda_...| New York...| 34 00 N.| 66 30 12p, 29.33 | NW,, 9...) NNW. NW., 10. W.-N. 
Steel Mariner, 32 10 N.| 54 20 Feb. 18 | 2p, 18__.| Feb. 19 | 29.79 | S.....-. §., 9.......) S., 9.......| S-WSW. 
Illinois, Houston._.-.- Philadelphia. 36 43 N.| 75 03 Feb. 19 | 8p, 19...| Feb. 20 | 29.37 | NW... NW., 9... NW. _.| NW., 10...| NE.-NW. 
Leerdam, Rotterdam...| New York...| 41 08 N.| 6617 Feb. 20 | 9a, 29.20 | E., 8...| SSE., 9.__| SE.-SSE.-S 
Black Tern, Am.S.S.....| 41 56 N.| 62 20 W.| Feb. 23 | 3p, 23...) Feb. 25 | 29.26 | SSE...| WSW., NW_..| WSW.., 10.| SSE.-S.-WSW 
Carlsholm, Gothen ..| Baltimore....| 58 36 N.| 12 24 8a, 29.33 | NNW..| —, 11..---- 6 points. 
Steel Scientist, Am.S.S8_.| Gibraltar....| New York.../!36 19 N.|151 08 W.| Feb. Mad?., 24|...do____} 29.76 | SW....| SW., 8_..- NW.| W,, SW.-WNW. 
Collamer, Am.S.S......- Havre......_- 41 57 N.| 4419 Feb. 25 | 6a, 29.60| SSE._.| SSW., 8...| S.-SW.-WSW 
Sundance, Bremen_.-.-.- Charleston__-| 48 55 N.| 36 40 9p, 29.68 | SSE SSE.,9...| SSE.-WSW. 
Makiki, Cristobal_...-. New 12 12 N.| 78 18 Feb. 24 26...) Mar. 29.92 | NNE.,.| NE, 5.....| ESE...| NE., 8....| NE.-E.-ESE 
Solana, 35 30 N.| 7017 Feb. 25 | 4p, 26...| Feb. 26 | 29.71 | SW., 10___ ssW., y.-W. 
Am.S.S.| Para.........| Boston.....-- 38 42 N.| 68 49 W.) Feb. 26 | 10p, .-.do....| 20,71 | SW....| NW., NW___|} NW., 10. .| SW.-NW. 
Bosehdijk, New York... 43 01 N.| 5012 W| Feb. 27 | 4a, 27._.| Feb. 27 | 29.46| WSW--| SSE.,7.-.| W.___- WSW.., 
Clydefield, Br.M.S__._-- Curacao.....- London_..... 47 20 N.| 20 00 2a, 28...| Feb. 28 | 30.17 | NNW. NNW.., 9. NNW.-N 
New York, Ger.S.S_.....; Cherbourg...| New York...| 45 48 N.| 43 00 W.| Feb. 28 | 4a, 30.02 | SW_.../ SW., 9....) SW., 9....| SW.-W. 
Carlsholm, Swed.S.S_....| Gothenburg..| Baltimore....| 51 38 N.| 33 39 9a, 28...! Mar. 29.88 | SW_..- We. —, 10......| 2 points. 


Position approximate. 
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OCEAN GALES AND STORMS, FEBRUARY 1934—Continued 


Voyage Position at time of Low- | Direc- | Direction | Direc- 
lowest barometer Time of est tion of | and force | tion of | Direction | Shifts of wind 
Vessel Gale lowest Gale ba- wind of wind wind | and high- near time of 
began ended | = est force of 
wind 
NORTH PACIFIC 
OCEAN 
Inches 
Bonneville, Nor.M.S..._| Manila_...._. Los Angeles..| 39 35 N.| 170 35 E.| Jan. 31 | 4a.,Feb.| Feb. 1 | 29.66 | W--...- NW W.-WNW. 
San Pedro Maru, Jap. | Moji......... San Francisco] 43 00 N.| 150 50 W.| Feb. 1| 8p. 1_-.|-..do..... 29,78 | SSW...| SW.,8....| W-....- SW.,8....| SSW.-SW.-W. 
Oregon, Am.8.S.........| Shanghai.....| Portland, | 47 56 N.| 173 12 E.|_..do..... 10p., 1..| Feb. 2 | 29.22) WNW.| WNW.,9.| WNW.) WNW., 10| None. 
Harvester, Am.S.8.__...| Los Angeles..| Shanghai...__ 31 18 N.| 131 40 E.| Feb. 3/9p.,2...| Feb. 20.70) WNW.| W., 5...... NW...| NW.,9....|___ Do. 
Ogura Maru, Jap.M.S...| Yokohama._.| Los -| 35 35 N.| 142 14 E. |...do.__.. oon, 3.| Feb. 3 | 28.69 | NNW..,8..| NW-....| NW., 9....| N-NNW.-NW. 
Teiyo Maru, do........] San 37 50 N.| 146 00 E.| Feb. 2 , 3....| Feb. 4 | 28.67} ENE..| NW.,6...| WNW.| NW., 12... 
Golden Star, Am.S.S___.| San Francisco} 38 42 N.| 148 48 E.| Feb. 3) 9p., 28.54 | WSW.,9..| NW-....| NNW.,, 12. sw —WsW.- 
City of Victoria, Br.S.S_._| Muroran._..- Rup- | 44 17 N./ 156 03 E.| Feb. Noon,4.| Feb. 5 28.87) NW-.-.| Var., 4....| W......| WNW., 12 SSE.-NW. 
Hiye Maru, Jap.M.S._..| Vancouver... Yokohama... 45 55 N.| 158 50 E. |_..do_.._. 6.5.52. 28.11 | ESE.__| NE., 4....| WNW.| NW., 12..| SE-NE-NW. 
Choyo Maru, Jap.S.S_..| Miike........ Vancouver...| 42 30 N.| 161 59 E. 228.12 | wsw., 12.| WSW.. wsw., 12. 
Shelton, San 13 30 N.| 125 24 E.| Feb. 5 5....| Feb. 10 | 29.90 | NE_._.| NE., 7....| NE....| NE., 8.._.| None. 
Oregon, Shanghai...... Portland, | 49 43 N.| 152 53 oon, 6.| Feb. 6 | 28.99 | N_.-.-- WNW.,7_| NNW .| NNW.,10.| NNW.-WNW. 
Grant, Am. } Victoria__...- Y ama. __ 52 35 N.| 145 11 Feb. 6/8p.,6_..| Feb. 7 | 28.64) E.-NE. 
Meiville Dollar, Am.S.S.| Shanghai...__| Seattle... 46 18 N.| 159 18 W.| Feb. 8 | 7p.,8....| Feb. 10 | 28.46 | NE., 10... -N 
Ima, Nor.M.8........... Los Angeles._| 35 50 143 15 8a.,9....| Feb. 9 |? 29.48 | SSE.,8....| SSE....| SSE.,8....| SSE.-SSW 
Silverguava, Br.M.S8 - anila_..._.. Vancouver 44 40 N. |! 16108 10p.,9___| Feb. 10 | 20.01 | NW-.._.| W., 10..... WNW.-W. 
Golden Tide, Am.S.S_._.| Otaru........ San Francisco} 41 00 N.| 170 25 W.| Feb. 11 | 4p.,10_._| Feb. 11 | 29.23 | W--...- W., 7....| NW....| NW.,8._..| SW.-W 
Bonneville, Nor.M.S____| Manila__.___- Los Angeles__| 39 02 N.| 133 30 Feb. 10 29.63 | SE....- SW..._| SE., 10__..| SE.-S.-SW 
Melville Dollar, Am.S.8_ —- Seattle__....-. 147 18 N. |! 14338 Feb. 11 | 2a., 12.__| Feb. 12 | 29.40 | SSE.._.| SSE.,10___| 8.-SE.-S. 
Ogura Maru, Jap.M.S___| Yoko ..-| Los Angeles__| 37 58 N.| 168 55 W.| Feb. 12 | 4a., 28.64 | WSW-_.| SW., 5..... WNW_| WNW., 9. 
Maunawili, Am.S.8_.___| Seattle.___.__ Honolulu-.-..| 38 47 N.| 140 22 W.| Feb. 13 | Noon,13| Feb. 14 | 29.30 | SSE-_...| S., &., %....... SSE.-SSW 
Koyo Maru, Jap.S.8_....| Yokohama Los Angeles._| 37 02 N.| 177 12 W.| Feb. 14 | la., 29.03 | NNE..| WSW.,9..| NW._.| WSW.,9__| None 
Golden Wall, Am.S.S Is_| San Francisco) 35 40 N.| 175 28 29.10 | 
Shelton, 30 48 N.| 150 57 E.| Feb. 15 | 2p.,15...| Feb. 16 | 29.52| WSW..| WNW 8_..| NW...-. -W. 
Maunawili, Am.S.S_._..| Honolulu....| 32 54 N.| 146 42 29.44 | WSW__| WSW.,6._| WNW.| WNW..,10.| SSW.-WSW. 
Pulpit Point, Br.S.S_....| Yokohama___| San Francisco! 38 12 N.| 155 00 E. |...do_.__. 4p., 15..| Feb. 15 | 28.83 | E...... Nite NNE., 8..| NE.-NNE 
Ensley City, Am.S.S__..| 35 01 N.| 135 46 W.| Feb. 16 | 2a., 16._.| Feb. 16 | 29.58 | SE____- | 
Zuiyo Jap.8.8.....; Osaka........ Los Angeles..| 37 30 N.| 173 35 See 11..| SW....| SSW., 11..| 8-SSW.-SW 
Hokuro aroku Maru, Jap. | Yokohama___| Los Angeles__| 46 35 N.| 170 10 W.| Feb. 15 | 2p.,16...| Feb. 17| 28.64 | ESE...| ESE.,9...| ESE...) ESE., 9...| None. 
Jackson, Vietoria__.... 50 21 N.| 148 52 W.| Feb. 17 | 2p., 28.87 | ESE.__| ESE.,8...| S.......| ESE., 8...| E.-ESE.-8. 
Makiki, Am.8.8 Los A ..| Balboa......- 14 44.N.| 95 24 W.) Feb. 19 Mdt.,i9- Feb. 20 | 29.90 | N-_--...- NNW..| N., N. 
Illinois, Legaspi, P.I..| San Francisco) 32 36 N.| 152 45 E. _ &....:. W-NW. 
Skramstad, , | Los Angeles._| 30 00 N.| 173 30 ‘eb. 20 | 7p., 20...|...do..... 2 29.34 | S....... S.-SW. 
Hoveisan Maru, Jap. | Yokoh do. 34 45 N.| 167 31 E.| Feb. 19 | 8p., 20-_.| Feb. 21 |? 29.07 | S__.___- SW., 9....| SW.-W. 
Shelton, Am.8.8_________ Manila_..__-- San Francisco} 39 18 N.| 172 36 E.| Feb. 20 | 4a.,21.._| Feb. 22 | 28.53 | SW_...| SW.,9....| WSW-__| W., SW.-W. 
Pulpit Point, Br.S.S_....| 40 30 N.| 165 00 W.| Feb. 22 4p., 22...| Feb. 23 | 28.61 | ssW., 8.-SSW.-WSW. 
of Japan, Br. |-.-..- Honolulu....| 32 55 N.| 168 51 E.| Feb. 21 23...| Feb. 24 | 29.41 | WNW_| SW., 8_.../ SSW... ssW., 9...| SW.-SSW. 
Illinois, Am.S.S........ Legaspi, P.I..| San Francisco| 38 24 N.| 165 24 E.| Feb. 23 | 8p., 23... Feb. 23 | 28.51 | WNW.| WNW., 5.| NNW_| WNW.,11. SSE -8W.- 
Shelton, Am.8.8........- 142 49 N. |! 16448 W.| Feb. 24 | 2a., 25.__| Feb. 25 | 28.84 | 8:1 Wiese WNW.,11 sw -W.- 
Potter, Am.M.8.........| ....-| Los Angeles..| 36 06 164 22 W.| Feb. 27 | 4p., 27._.| Feb. 27 | 29.20 | SSW___| SSW., 8...| WSW--| SSW.., 8__- SSW.-WswW. 
Shelton, San Francisco! 42 56 N.| 148 02 W.| Feb. 28 .| Mar. 1 | 29.28 | 8....... SSW., 9...| SW....| SSW., 10..| 8.-SW. 
1 Position approximate. 2 Uncorrected. 


NORTH PACIFIC OCEAN, FEBRUARY 1934 
By E. Hurp 


Atmospheric pressure—The major part of the north 
Pacific Ocean during February was under the influence of 
frequent and widespread tows. In the Aleutian region 
no anticyclone appeared throughout the month, and the 
highest pressure noted at Dutch Harbor was 29.82 inches. 
This station gave the greatest minus departure (0.30 inch) 
from the normal, with an average pressure of 29.30 inches. 
The center of cyclonic activity, however, was somewhat 
to the southward, and low pressure extended even to 
Midway Island, usually in the high-pressure belt, where 
the February average was 0.12 inch below the normal. 

The north Pacific high-pressure area was much re- 
stricted in extent, and on the average covered only the 
trade-route region between Honolulu and the American 
coast from Vancouver to Lower California. This area at 
times even was entered by moderate depressions. A 
second anticyclone, fairly well developed, covered the 
east China seas. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, North Pacific Ocean, February 1934 at selected 
stations 


Depar- 
Average 
Stations pressure = — Highest | Date | Lowest) Date 
Inches Inch Inches I 

29. 98 —0.14 30. 52 21 | 29.50 5, 13 
29. 30 —.30 29. 82 23 | 28.76 18 
ie eR 29. 42 —.2 29. 86 24; 28.98 12 
30. 32 21 | 28.92 27 
29. 88 —.04 30. 26 17 | 29.15 27 
30.05 +. 05 30. 45 9 | 20.59 7 
Francisco... 30. 09 —.01 30. 44 28 | 29.75 23 
Mazatlan.____. 29. 99 —.01 30. 08 5 | 29.92 8, 22 
Honolulu_-_-.-_- 30. 05 .00 80. 24 2! 29.86 8 
Midway Island___-_- 29. 87 —.12 30. 26 1| 29.58 21 
29. 91 .00 30. 00 28 | 29.80 12 
29. 89 —.07 30. 00 7 | 29.82] 26,27 
30. 12 +.07 30. 34 29.82 1, 24 
(eee 29. 98 . 00 30. 16 28 | 20.72 2, 26 
29. 98 1| 29.40 22 


1 For 16 days, 13th to 28th. Average not used. 

Note.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observation. 
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Fesruary 1934 


Cyclones and gales.—F ebruary in general was the storm- 
iest month of the present winter season on the north 
Pacific, except off the upper coast of the United States, 
where the roughest month was the preceding December. 
There were no less than 8 days on which gale winds of 
force 11 or 12 occurred, and 9 additional days with force 
of 10. On a number of days and in several localities 
pressures were well below 29 inches. 

On February 1 a small depression lay near Taiwan. It 
moved rapidly northeastward and was followed by a 
strong continental anticyclone. By the 3d the depres- 
sion had developed into an intense cyclone east of Japan, 
with full-storm to hurricane winds near its center, in 
approximately 38° N., 146° E., and barometer down to 
28.67 inches. On the 4th and 5th, with hurricane veloci- 
ties orem the storm was east of the Kurils, with 
barometer reading the lowest of the month—28.11 inches, 
near 46° N., 159° E., as recorded by the Japanese motor- 
ship Hiye Maru. Thereafter the storm which was perhaps 
the most violent of the current February, appeared lost 
to observation. On the 2d and 3d the front of the closely 
following anticyclone was experienced in Chinese ana 
lower Japanese waters as one of the most powerful 
monsoon currents of the winter. 

The story of the gales of the remainder of the month is 
one of an irregular succession of Lows, several of great 
depth, appearing largely over an extensive region of gen- 
erally depressed barometer. The eastern and western 
parts of the northern routes, and the central and western 
parts of the middle routes, were the most heavily involved. 
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Gales of the higher velocities (forces 11-12) were all noted 
as occurring to the westward of the 155th meridian W. 
No gales were reported by ships within 8° of the American 
coast, except in the Tropics. 

On the 14th and 16th the most er portion of the 
gale field lay in the region 35° to 40° N., 170° to 180° W. 
with pressures close to 29 inches, but gales of lesser force 
prevailed over a much wider area. On the 21st and 23d 
gales of force 11 occurred within the area 35° to 40° N., 
160° to 175° E. On both days pressures were down close 
to 28.50 inches. From the 19th to the 24th this region 
was subject to gales of varying intensities, and by the 
24th forces of 8-9 had advanced eastward to approxi- 
mately 170° W. The 25th was the last day noted with a 
wind of force 11, near 43° N., 165° W., encountered by 
the American steamer Shelton, with barometer depressed 
to 28.84 inches. 

Tropical gales.—A moderate depression over and near 
the Philippine Islands caused a fresh northeasterly gale 
near the southeast coast of Luzon on the 5th. In 
Mexican waters Tehuantepecers occurred of force 7 on 
the 2d, 5th, and 6th; of force 8 on the 20th; and of force 
9 on the 19th. 

Fog.—Fog was reported on 16 days off the west coast 
of Lower California, and on 9 days off the California 
coast. Between Vancouver Island and longitude 145° W.., 
along the parallels of 48°-50° N., there was fog on the 
10th and from the 13th to 19th. Elsewhere over the 
ocean fog was infrequent and widely scattered. 
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CLIMATOLOGICAL TABLES 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 
by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average, precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 

Condensed climatological summary of temperature and precipitation by sections, February 1934 


[For description of tables and charts, see Review, January, p. 31] 


Temperature Precipitation 
& 8 Monthly extremes & g Greatest monthly Least monthly 
| 85 Eig 
| 32 Station Station Station 3 Station 3 
3 ae g 
°F. In, In In. In. 
45.8 | —3.3 | 2stations............| 80] 14] 3 9 27 || 4.73 | —0.54 | Milltown... 7.85 | Seven Hills.........| 2.58 
52.0 | +3.8 | Gila Bend...........| 88 15 | 7 ll -80 | —.40 | RenoRangerStation' 2.43 | 3 stations... 
..--| $1.5 | —21 | 82 15 | Lead Hill. 3 27 || 2.00 | —1.34 .37 
50.0 | +1.7 | 90 10 | Gem Lake---__- 0 10 || 3.57 | —.68 | West 12.26 | 2 00 
Colorado... 34.1 | +7.0 | 3 79 26 || 1.62 | +.64 | Silver 4.75 | Alamosa...........- .16 
58.8 | —1.8 Field | 88 22 | Monticello. 22 1 || 385 | +.76 | 7.46 | Long Key-...- <i? 
en. 
44.8 | —3.9 | 25 | Clayton............. 7 27 || 4.14 | —.76 | Tallapoosa__ 2.61 
7 14 | —28 27 .89 | —1. 27 | 231 | 
Indiana...............| 246 | —5.8 | 69 14 | 2 27 85 | —1.58 | 2.33 | . 38 
25.0 | +2.6 | Keokuk No. 71 14 | Stockport _---|—25 27 | 1.05 | 
36.0 | +3.0 | 82 13 | Valley 27 || 1.15 | +.13 | 2.60 | Medicine Lodge.-...; .31 
31.8 | —5.1 | 3 72 14 | 27 || 2.20 | —1.24/ 5.14 | Carrollton........... .39 
Louisiana.............| 528 —.9 | 82 6 | 3 stations_____- 22 27 || 4.72 | +.12 | 1.00 
Maryland- -Delaware_.| 22.5 !—11.5 | 60 15 | Oakland, Md_- -|—25 28 || 294] —.14/| Crisfield, 6.59 | Cumberland, Md..-| 55 
Michigan... -| 12.6 | —7.4 | 48 14 | —51 9 |} .62 —1.06 | Ironwood. 2:33 05 
Minnesota... 14.1 | +1.4 | Pipestone. 58 | 113 | Big —46 25 | —. 80 | Virginia. ............ 
Mississippi. | 46.7 | —2.7 | 3 80 10 27 || 4.88; —.05 — 8.30 | 1.14 
| 32.5 | —.5 | 79 14 | —26 AES 3.16 | 34 
| 31.0 | +8.3 | 77 13 | Harlowton (near) ___|—28 25 |} .28| Mystic 1.86 | Lustre . 00 
30.8 | +5.1 | 2stations............| 75| 13 | 26 || .85| +.23 McCool Junction... 1.70 | 18 
Nevada........- 49.2 16 | Zorra Vista Ranch_-- 4 10 ||} .93 | —.09 Orovada. - 00 
New 11.9 |—10.6 | Fitchburg, Mass_.--| 49 12 | East Barnet, Vt____.|—41 g || 2.92} —.24] Portland, 7.35 | Enosburg Falls, Vt_.| .65 
New 18.6 |—12.1 | Boonton. 54 22 | Canoe 9112.77 | —.84]| Atlantic 4.83 | Culvers . 94 
New Mexico... ......-| 41.3 | +3.9 | 85 | 12) Therma (near) ------ —19 11 |} —.13} 3.19 | 11 00 
10.2 |—12.1 | Allegany State Park} 48 18 | —52 1.69 | —1.01 | Bridgehampton_-__- 6.60 | .38 
North .-| 36.5 | —6.2 | 74 15 | Mount Mitchell____- —10 27 3.96 | —.12 | 5. ........... 2. 37 
North | 19.5 | +9.3 | Fort 61 14 | —30 | 123 || .06| —.43 Powers Lake------.- 00 
20.3 | —8.9 | 60 14 | Coshocton —2%6 27 || 1.03 | —1.56 | 2.23 | .33 
| 42.8 +1.9 | 2 stations............ 85 3 | 2 stations___._- | 4] —.16} Durant. ............ 
(42.1 7 | Powers...........- 74| 10| | §| 1.27] —1.85 | Brookings........... 6.26 | Hay 
Pennsylvania________- | 18.1 |—10.0 | 59 15 | 28 || 1.31 | —1.66 Doylestown 76} .48 
South Carolina. | 40.6 | —7.0 | 25 | Caesars Head - ----- 5 | 110 || 3.83 | —.45 | Crescent- -------| 6.32 | Beaufort (near) - ---- 1, 66 
South | 26.8 | +8.1 | 2 70 13 | Pine |—34 26 17; —.40| Hot Sp ings........- .70 | 10 stations... T 
Tennessee. 36.6 | —4.5 | —4 27 || 2.94 | —1.44 | Elkmont_- 1.37 
51.4 | +.4 | 91| | 3! 1.67] —.12} Bon 7.60 | 8 stations............| .00 
28.6 | —8.5 | 2stations...........| 7 16 | Dale Enterprise. | |} 3.53 | +.41 | 6:95 | Biverton...........- 
Washington_-__- -| 41.1 | +5.7 | South Bend____- 11 | | 4 4 || 1.54] —2.17 | Wynooche Oxbow-_-| 10.86 | Rock 
West Virginia. 24.0 | —9.2 | 65 18 | |—26 | 27 || 1.86 | —1.28 | 4.25 | New Cumberland.._}| .75 
15.3 | —1.8 | Wisconsin Dells..____| 61 14 | Long i—40 | 18 .35| —.82 | Cornucopia. - - 01 
29.7 | +7.4 | 72 2 Fort Laramie (near)- | 26 —.07 2.@ | Sstations............ . 06 
(January) - ---- —6.0 |—10.7 | Anchorage. 56 |~70 | 113 13.12] +.26| View 35.89 | T 
| 87 16 | Kanalohuluhulu____| 39 5 || 4.85 | —1.49 Station No. 22.62 | Ka . 00 


! Other dates also. 
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74 MONTHLY WEATHER REVIEW Frsrvary 1934 
TaBLe 2.—Data furnished by the Canadian Meteorological Service 
FEBRUARY 1934 
Temperature of the air Precipitation 
Stations Total 
‘0 
Lowest Total snowfall 
In In 
Sydney, Cape Breton Island_--..........- 48 29. 86 15.3 26.1 4.4 —23 5. 33 34.5 
Halifax, Nova Scotia. 88 2. 66 16.2 24.0 8.5 —12 2. 41 9.9 
Yarmouth, Nova Scotia................-- 65 29. 84 19.8 26.7 13.0 —4 7. 64 52.0 
Charlottetown, Prince Edward Island___- 38 29. 85 11.9 20.1 3.8 —1y 4. 23 35.5 
Chatham, New Brunswick--..--...---.-- 23 29. 3.6 16.7 —9.6 —34 2.01 15.8 
Father Point, Quebec.--..............--- 20 29. 95 5.9 13.4 —1.6 —20 2.12 21.2 
mebec, Quebec... 206 29. 74 3.3 11.7 —5.1 —24 2.61 26.1 
1, 236 14.2 3.9 —32.3 —60 1.77 17.7 
236 89 —2 1.51 15,1 
379 78 —21 93 9.3 
White River, Ontario_--....-.........-.-- 1, 244 —52 1. 66 16. 6 
Southampton, Ontario--_._.............-. 656 29. 46 —35 1.08 10.8 
Parry Sound, Ontario-.................-- 688 29. 46 —33 1.20 12.0 
Winnipeg, Manitoba____...._.......__.-- 760 29. 32 —36 . 66 5.8 
Minnedosa, 2 1, 690 28. 27 —32 . 36 3.4 
Qu’ Appelle, 2,115 27.77 —27 -12 1.2 
Moose Jaw, 1, 759 —20 1.9 
Swift Current, Saskatchewan. ---_.____-- 2, 392 27. 49 —18 -16 1.6 
Medicine Hat, Alberta_...._...........-- 2, 365 27. 54 —19 -10 1.0 
Prince Albert, Saskatchewan... 1, 450 28. 53 —29 1.5 
Battleford, Saskatchewan __--..........-. 1, 592 28. 34 —22 26 2.6 
Victoria, British Columbia__............. 230 35 1, 54 .0 
Hamilton, 151 45 3. 80 -0 
LATE REPORTS FOR 
Cape Race, 99 39 33.3 
4, 521 46 —16 1. 54 15. 4 
Edmonton, Alberta.-_.................... 48 —21 . 66 4.7 
Estevan Point, British Columbia 54 32 .0 
Prince Rupert, British Columbia. 53 ll 22.3 
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MONTHLY WEATHER REVIEW 
SEVERE LOCAL STORMS, FEBRUARY 1934 
(Compiled by Mary 0. Souder) 

[The table herewith contains such data as have been received concerning severe local storms 


75 


that occurred during the month. A revised list of tornadoes will appear in the Annual 
Report of the Chief of Bureau] 


path, 
yards 


Character of storm 


Remarks 


Authority 


Cuero, near, Tex 


Northern LaSalle and central 
Catahoula Parishes, La. 


Oklahoma City, Si and 
Chickasha, 

Red Bluff, "Calif, and vicinity- 


New York, east and southeast 
portions. 


Pennsylvania, southeastern 
portion of State. 


New Jersey, north shore_._..... 


Illinois, central and southern 
portions. 


Topeka, Rane. 
Centerhill ma Daleville, Miss. 


Purvis to 2 mies southeast of 
Kewanee, Miss 


Bowdon, Ga., and vicinity_.... 


Green and Clay Counties, Ala_. 


' Miles instead of yards. 


9-10 


13-14 


17-18 
18-19 


19-20 


19-20 


21 


p.m_._...- 


500, 000 


Snow and gale--__- 


1 person injured; small buildings blown down -.-_-- 


Due to long-continued drought and barren fields, 
high wind velocity Guused a@ severe dust storm 
and much blowing of soil; traffic and travel de- 

iS et : ruck; damage to roofs and windows; path 

m: ong 


Fropety = loss not estimated 
delayed; water pipes and systems frozen in 
many instances. 
Traffic dangerous and difficult; viaduct in eastern 
a of city closed to traffic after several cars 
skidded and piled up; woman killed when 
her car skidded on a bridge and plunged 50 feet 


below 
75 eumocnobile accidents reported within an hour; 
3 cars piled up at one time on viaduct; 5 persons 
seriously injured. 
Some hailstones as large as golf balls; =e loss to 
crops and $10,000 damage to prope 
The railroad and main yt out tot city com- 
letely blocked; ss 1 required before traf- 
ic could be resumed 
At Urania, LaSalle Parish, hail fell from 5:45-6 
p.m., and the hailstones, up to an inch in diam- 
eter, reached a depth of 2 inches on the ground; 
considerable damage to property and timber; loss 
to crops; estimate of damage not available; path 
35 miles long. 
Ice formed on wires and with high wind some 
some damage 
Pavements slippery making driving hazardous-__- 
Cloudburst caused damage to roads, fences, dwel- 
lings, livestock, and poultry 


__ | High winds drifted the snow, paralyzing automo- 


bile traffic, greatly delaying trains and street 
cars; thousands of commuters in New York City 
and vicinity were stranded in homes, railway 
stations, trains, and buses; telephone and elec- 
tric lines crippled; many schools closed; 12 deaths 
attributed to the blizzard conditions. 

Wind ay the snow from fields by a mp it up 
behind fences and on highways; traffic blocked 
for 3 or 4 days, drifts being 6 to 8 feet deep; traffic 
was inning to move again when a 6 to 8 inch 
1, by strong winds, restored 
the blockade. 

Farmingdale and Hightstown cut off entirely from 
outside world; drifts stalled trains on the Mata- 
wan-Freehold division of Central Railroad and 
commuters were taken to their destination by 
buses; Pennsylvania Railroad plows cleared 
1,200 feet of track to permit trains to pass over 
the Canadian- Amboy division; depth of snow 
12 inches; some schools closed; man died from 


exposure. 
City snowbound for 18 hours; this new blizzard of 
7 oe the city and blew with unpar- 


its tall ae half a million persons 


ries more commuters than any other ‘ine i into the 
city, had entered the Pennsylvania station. 

Heavy glaze deposit on wires, trees, and nae ae 
several minor eames accidents re 


Telephone service interrup ted, traffic dangerous, 
laze formed on trees nen wires at Cairo and New 
urnside, Il. 
Automobile traffic extremely hazardous; street car 
service very irregular. 


6 in one family killed when house was demolished; 
path 10 miles long. 
During “4 these tornadoes 20 persons were 


these storms, $30,000. 
article “ Tornadoes in Lauderdale County, Miss., 
Sunday, Feb. 25, 1934,"" published in MONTHLY 
WEATHER REVIEW, this issue. 

30 homes demolished; second tornad 
and 1 the n building at Boy 
Col thel Camp 
Ground. miles of Bowdon, when 


Official, U.S. Weather 
Bureau. 


Do. 


Loss | Value of 
South Dakota, entire State... 10 Severe dust storm. Do. 
p.m. 
Memphis, Tenn...............-| MMMM Teo and sleet... 
Springfield, Mo................| 10 | Rain, sleet, and Do. 
glaze. 
Stuart, 10] 7:30-9a.m) 60,000 | Hail... Do. 
Shed 
marooned 
r the day = 
because of lack of personnel; for the fifth time in < 
history the stock exchange failed to open at 10 s 
a.m. because of the weather; at noon hardly a ae 
a.m. glaze. 
traffic delayed as strong east wind through cen- Re 
tral part of State caused snow to drift. A 
Arkansas, northern and central } 24-25 |...-..------}....------]------].----...----| Gllaze.............) Several thousand dollars’ damage to telephone, = es 
portions. telegraph, and power lines and to fruit trees and a 
shrubbery; ice and sleet coated the ground and oh 
and glace” 
Evansville, 24-25 Smow and sleet... 
24-25 | 2:35-2:50 p. 250 
m. 
m. 
injuries; 61 buildings, homes, and barns were otf 
destroyed; estimated amount of damage from < 
25 | ........-.| 2] | 2 tormadoes........ = ae 
eir home was wrecked. od. 
Po hoa 120 5 111,000 | 2 tornadoes and | 52 persons injured and more than 90 homes de- Do. 4 


76 MONTHLY WEATHER REVIEW Frprvary 1934 
SEVERE LOCAL STORMS, FEBRUARY 1934—Continued 
(Compiled by Mary O. Souder) 
{The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A revised-list of tornadoes will appear in thé Annual 
Report of the Chief of Bureau] 
Place Date | Time van, Loss Mees Character of storm Remarks Authorit 
pa y 
yards of life yed | 
Hampton, near, ee One, who saw it from 200 yards away, reported | Offical, U.S. Weather 
the tornado made a noise like the roar of a train Bureau. | 
only much louder; an automobile was hurled i 
through the air about a hundred feet, houses 
demolished, but occupants being away from 
home at the time, escaped injury. 
New Jersey, entire Wires down, telephone service interrupted; transit Do. 
lines struggled to maintain schedules; buses, 
trolleys, and trains fought their way through 1) 
heavy drifts; all scheduled air mail and passenger o 
flights from Newark Airport were canceled; no a 
planes had arrived or departed there since noon > 
of 25th; one death from exposure reported from f 
Elizabeth; Brigantine, Cape May, and North 8 
Wildwood were isolated by the storm all day of 3 
Iredell County to Warren} 25-26 |............|..--..-..--]..-.-- 4, 500, 000 | Sleet and glaze...._| Damage to rgarceh tel ph, and power lines Do. 5 
County, N.C. will exceed $1,500 amage to forests esti- © 
mated at double this amount. ch 
enn. 
Virginia, entire 600, 000 | Heavy snow, glaze,| Approximate damage to wire systems $100,000; Do. 3 
and sleet accom- | estimate for repairing highways for traffic, 2 
by thun- $500,000 
erstorms. 
Quincy, near, Fla_...........-- 26 | 2a.m_..___ 440 |...... 2000 | Wind............. 2 tobacco barns on Santa Lee farm west of Quincy Do. Z 
own down 
Madison County, | 2, 600 | Squall_...........- 3 large tobacco barns blown down; trees uprooted. Do. 
Hawthorn, near, 26 | 5-6 a.m_._. 200 1 4,000 | Tornado. 3 houses property damaged; 5 Do. 4 
persons injured, 1 fatally. 
Brooksville, Fla., and vicinity 26 | 5:15 Rain and wind....| Trees and barns blown down; a house shaken Do. 
from its foundation; loss to fruit crop. 
Jacksonville, Fla., and vicinity. 2,000 | of on water front blown onto deck Do. 
of vesse! 
La C 1,000 | Wind and rain-_-.-| 2 persons injured; property damaged Do. 
26 | 6:15 a.m___ Damage through path 1,320 yards long. Do. 
26 | 6:45 a.m... Wind and rain __- | damage to timber; minor damage to Do. 
8,500 | Heavy rain and | Main hang t airport completely demolished; Do. 
wind. pene light lines 5 percent of citrus 
it blown from trees. ® 
Mow Yat Olty and Heavy snow - Traffic hindered to a considerable Do. 
1 Miles instead of yards. O 2 
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